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MOTOROLA'S 
MICROPROCESSOR 
AND MICROCOMPUTER 
FAMILIES 


Serving 
as the "heart" 
of every 
microcomputer 
system 
is a microprocessor. 
Motorola 
manufactures 
the industry's 
most complete 
selection 
of solid-state 
microcomputer 
com- 
ponents to provide the performance 
you need and the design flexibility 
you want. 


The family concept has been extremely 
popular in the microprocessQr 
industry. 
Motorola 
pioneered 
this family concept 
with the introduction 
of the M6800 Family in 1974. Since 
then the MPU/MCU 
Family has evolved in several directions, 
as shown in Figure 1-1, in 
order to fill expanding 
use concepts. 
In addition, 
the basic M6800 Family has been en- 
hanced. A large number 
of .peripheral 
devices 
have been developed 
to support 
the ex- 
panding family of microprocessors 
and microcomputers. 


SINGLE-CHIP 
MICROCOMPUTERS 
(MCUs) 
THE M3870 AND THE M6801 - 
M6804 - 
M6805 FAMILIES 


Take a basic MPU; add an on-chip 
clock oscillator 
and timer, put in enough 
Read-Only 
Memory 
(ROM) to handle the program 
routines 
for dedicated 
application, 
and enough 
ReadlWrite 
(RAM) Memory 
capacity to handle the associated 
data manipulations; 
cap it 
off with sufficient 
input/output 
capability 
to interface 
with a number of parallel and serial 
oriented peripherals 
and you have a single-chip 
microcomputer. 


The single-chip 
system doesn't 
necessarily 
have all the flexibility 
of a multi-chip 
system, 


but with adequate 
capacity to handle a specific requirement, 
it can save both component 
cost and equipment 
manufacturing 
cost. Motorola offers single-chip microcomputers 
across 
a broad spectrum 
of processor 
performance 
and system functionality. 
Motorola's 
first high 
volume production 
single-chip 
MCU is the second source of the popular 3870. The M6801 
Family includes the high performance 
single-chip 
MCU, plus EPROM and ROM-less 
ver- 
sions. The rapidly expanding 
M6805 Family includes a number of memory 
and package 
sizes with various 
special 
I/O functions, 
in both HMOS and CMOS. The M6804 
Family 
now provides the 8-bit processing 
capabilities 
that compete 
in the 4-bit price arena! 


PERFORMANCE 
- 
Processor 
performance, 
or program 
efficiency, 
for the application 
is an important 
single-chip 
MCU selection 
criteria. The M6801 
Family is the throughput 
leader with 16-bit data operations, 
binary mulitply, and an average of only 3.7 cycles per 


instruction. 
Bit modify and test instructions 
and powerful 
indexing 
modes put the M6805 
Family in second 
place on the pertormance 
scale. The MC3870 
also offers a very suc- 
cessful 8-bit architecture. 
The MC6804 
Family offers the proven capability 
of the M6800- 
based instruction 
set. 


• 


• 


6.0 


5.0 


4.0 


3.0 
--- 
". 
•..•. 


( 
)--- 
2.5 
•..•. 
....•. 


w 
--r.-/( 
68HC11. ) 
0 
,..,.- 
-.." 
./ 
Z 
I 
,----- 
q; 
2.0 
) 
~ 
." 
cr0u. 
1.5 
cr 
-" 
w 
;,. 
0- 
w 
1.2 
>§ 1.0 
wcr 


0.75 


0.6 


0.5 


0.4 


1978 
1979 
1980 


INTRODUCTION 
YEAR 


FIGURE 1·1. GENEALOGY 
OF THE COHESIVE 
M6800 MICROPROCESSOR/MICROCOMPUTER 
FAMILY 


TECHNOLOGY 
- 
The very high production 
volumes 
of high-density 
NMOS (HMOS) 
permit low cost single-chip solutions. CMOS, as a relatively new microcomputer 
technology, 


offers very low power consumption 
and wide power supply tolerance at performance 
levels 
similar to HMOS. The M6801 Family, M6805 Family, and MC3870 are produced in HMOS 
while the M6805 Family makes CMOS benefits available. 
The M6805 Family is the first 
microcomputer 
that allows you to look at the technology 
trade-offs 
independent 
of the 
architectural 
and supplier choices. The new M6804 Family is available 
in both the HMOS 
and CMOS technology. 
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ROM SIZE - 
The mask ROM capacities 
of the present single-chip 
MCUs range from 
1K by1e for the M6805 and M6804 Families, up to 4K bytes on the M6801 Family version. 
However, the M6801 and M6805 Families may in the future be implemented 
with as much 
as 64K bytes of on-chip 
ROM without 
any architectural 
changes. 
In selecting 
the ROM 
size, the ROM usage efficiency of the instruction 
set should be considered, 
along with the 
application to be programmed. 
The architecture 
of the MC3870 class offers short one- and 
two-by1e instructions. 
The M6801 and M6805 Families use many multi-function 
instructions 
such as bit manipulation, 
memory 
modification, 
indexing, 
and multiply to do the function 
of two or more instructions 
in traditional 
MCUs. 


NON-MASK-ROM 
VERSIONS - 
EPROM versions and/or ROM-less versions of prac- 
tically all single-chip 
MCUs are offered. They serve for limited to high volume applications, 


prototype 
debugging, 
and field trials. 
EPROM 
versions 
are available 
in the M6805 
and 
M6801 Families. 
ROM-less 
versions 
are offered in the M6801 and M6805 Families. 


• 
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RAM SIZE - 
On-chip RAM sizes range from 32 bytes in the M6804 Family to 192 bytes 
in the M6801 Family. Between these present limits are the M6805 Family versions 
of 96, 
112, and 176 bytes. Architectures 
such as the M6801 and M6805 Families which permit 
multi-level 
subroutines 
plus ROM and RAM data tables allow you to trade-off 
ROM and 
RAM utilization. 
ROM usage can be minimized with subroutines 
and look-up tables, while 
RAM use can be optimized 
with ROM tables and fewer subroutines. 


DIGITAL I/O - 
Single-chip 
MCUs are available 
in 40-pin dual-in-line 
packages 
as well 
as the smaller 
(and lower cost) 28-pin packages. 
All these MCU families 
include 40-pin 
versions, 
while the M6805 Family has 28-pin members. 
Five to seven pins serve power 
and control functions 
permitting 
up to 23 I/O pins in a 28-pin package 
and up to 34 I/O 
pins in 40-pin versions 
(including 
interrupts, 
timers, and special 
I/O functions). 
All of the 
MCUs offer essentially any mix of inputs and outputs. Higher output drive current is available 
in the M6805 Family. 


EXPANSION 
BUS - 
The ROM-less versions include a bus to access off-chip program 
memory 
and additional 
I/O. However, the M6801 Family single-chip 
MCUs also include 
three bus structure modes for off-chip expansion. The three bus modes permit the number 
of bus pins to be otimized for the amount of address space needed off-chip. 


INTERRUPTS 
- 
When 
an application 
program 
must synchronize 
with two or more 
external 
events, 
interrupt 
hardware 
in some form is usually necessary. 
The M6801 and 
M6805 Families include fully automatic interrupts (registers are saved) with programmable 
vectors for both external pins and internal timers. The MC3870 interrupt scheme requires 
more program overhead. 


TIMERS - 
On-chip timers are the most frequently 
used special I/O function. Timers may 
generate interrupts to a program at a periodic rate, measure external values, count external 
events, and generate 
measured 
output values. The M6801 Family includes a 16-bit timer 
that may be used to perform 
three of the above functions 
simultaneously. 
The M6805 
Family timer consists 
of a programmable 
8-bit counter 
and a selectable 
7-bit prescaler. 


The MC3870 timer is 8 bits with a decimal prescaler. 


SPECIAL 
FUNCTIONS 
- 
Various 
members 
of the MCU families 
include 
additional 
I/O functions. 
For example, the MC6801 Family includes a full 8-bit UART with baud rate 
generator 
on-chip. 
A 4-channel 
8-bit AID converter 
is included 
on a few M6805 
Family 
versions. The digital portion of an RF frequency 
synthesizer 
is added to an M6805 Family 
member. 


DEVELOPMENT 
SUPPORT - 
All three families are fully supported 
on the EXORciser 
development 
system. Included are assemblers, 
keyboard debugging inclUding breakpoints, 
user system 
emulation, 
and stand-alone 
emulation. 
The M6801 
Family 
has the added 
benefit of various 
high level languages 
and compatibility 
with MC6800 
programs. 


THE CMOS M6805 COMPONENTS 


Motorola 
offers 
an 8-bit CMOS 
processor 
in the MC146805E2. 
The CMOS 
portion 
of 
the M6805 Family of 8-bit microprocessors, 
peripherals, 
and single-chip 
microcomputers 
combines 
the low power 
characteristic 
of CMOS, 
with the application 
fleXibility 
of the 
M6800 Family. 


The M6805 Family has evolved from the M6800 Family. The M6805 Family includes similar 
programmable 
bidirectional 
I/O, flexible 
memory 
organization, 
many memory 
reference 
instructions, 
interrupts, 
and multi-level 
subroutine 
nesting. ROM use efficiency, 
bit manip- 
ulation instructions, 
and improved table look-up indexing are M6805 Family enhancements 
of the M6800 heritage. 


The benefits of CMOS are added to Motorola's 
microprocessor 
repertoire. 
low 
operating 
power and even lower standby 
power consumption 
permit battery operation, 
cut cooling 
costs, and reduce power supply expense. 
The wider operating 
voltage 
range of CMOS 
offers higher noise immunity 
and easier sWitching to standby 
power. Static CMOS parts 
permit true standby operation plus power optimization 
with lower frequencies 
and voltages. 


PROGRAMMING 
- 
The enhanced M6800 architectural features make the M6800 Family 
easy to program. The stack pointer permits up to 32 subroutine levels. Three ROM-efficient 
indexed addressing 
modes allow for look-up tables anywhere 
in memory. 
Any I/O pin or 
RAM bit may be modified with a single instruction. A branch may be taken depending 
upon 
the bit state of any I/O pin or RAM bit with only a single instruction. 
RAM, ROM, and I/O 
registers 
are all accessed 
with the same powerful 
memory 
addressing 
instructions. 
An 
efficient instruction 
set permits programs to be written faster, more easily optimized, 
and, 


therefore, 
more reliable. 


INTERRUPTS 
- 
Real-time 
applications 
require 
sensing, 
measuring, 
and controlling 
system events. 
Five vectored 
interrupts, 
which stack the program 
registers, 
are included 
in M6805 Family processors 
to implement 
these applications. 
For time dependent 
tasks, 
a programmable 
8-bit counter 
generates 
an interrupt 
when zero is reached. 
The timer 
includes a program-selectable 
7-bit prescaler 
and a software 
selectable 
input. The timer 
input may be an external signal for pulse width measurement, 
or the on-chip oscillator. An 
external interrupt pin is also provided. Software techniques 
for external event synchroniz- 
ation are not needed. 


MOTEL - 
The MOTEL concept (for MOtorola and InTEL bus compatibility) 
allows both 
types of processors 
to be interchanged 
on a bus without 
changing 
the design 
of the 
peripheral/memory 
system. 
The MOTEL circuit automatically 
detects which type of pro- 
cessor is connected, 
and interprets the bus control signals appropriately. 
The MCM65516 
2K CMOS ROM, MC146818 
Real-Time Clock plus RAM, and MC146823 
Parallel Interface 
incorporate 
the MOTEL concept to provide a high degree of system flexibility. 


SINGLE-CHIP 
CMOS MICROCOMPUTERS 
- 
Dedicated single-chip 
MCUs are also 
included in th e M6805 Family. The MC146805F2 
has 1K byte of on-chip 
ROM, while the 
MC146805G~~ has a 2K ROM. The MC146805G2 
also includes 112 RAM bytes, 32 input! 


output lines, programmable 
timer, external 
and timer interrupts, 
and high current output 
pins. The 1K MC146805F2 
has the same interrupt features 
but fewer I/O lines, 28 pins, 
and less RAfJl, 64 bytes. 
The MC146805E2 
microprocessor 
serves 
as the ROM-less 
prototyping 
part for both single-chip 
MCUs. The MC68HC05C4 
has 32 I/O lines and 176 
bytes of RAW. The MC68HC11A4 
has AID, 512 bytes of EEPROM, 
256 bytes of RAM 
and 40 I/O lines. The MC68HC04P2 
has 32 bytes of RAM and 20 I/O lines. 


PERIPHERJ~LS- 
Two types of CMOS peripherals are being added to Motorola's CMOS 
family. Paralle bus-oriented peripherals support microprocessors such as the MC146805E2, 


• 


• 


while single-chip 
microcomputers 
are supported 
by port-oriented 
110, usually using serial 


data transfer. The MC146823 
Parallel Interface offers three 8-bit ports (24 lines) of digital 
interfacing, 
including 
port latch control signals, to multiplexed-bus 
microprocessors 
such 
as the MC146805E2. 
The MC146818 
Real-Time 
Clock plus RAM relieves the processor 
of maintaining 
the time and date, generates 
timed interrupts, 
and includes 
50 bytes of 
CMOS 
RAM. Program 
memory 
is provided 
by the completely 
bus compatible 
MC65516 


~2K 
CMOS 
ROM. 
Other 
support 
circuits 
include 
LCD drivers 
(MC145000, 
MC145001, 
MC144115, 
and MC144117), 
LED drivers 
(MC14499 
and MC144100), 
O/A converters 
(MC144110 and MC144111), NO subsystem (MC14443 and MC14447), latches (MC14099, 
MC14597, 
MC14598, 
and MC14599), 
remote I/O (MC14469) 
and frequency 
synthesizers 
(MC14156 
and MC145144). 


POWER SAVINGS - 
Energy efficiency is, of course, the chief CMOS attraction. 
CMOS 
MPUs are seriously 
considered 
anywhere 
a battery is used, whether 
it be the primary or 
a back-up power source. The operating current can be orders-of-magnitude 
lower. Standby 
modes can have power usages order-of-magnitude 
lower yet. Since the M6805 Family is 
static in design, low-speed 
operating 
current is extremely 
low. 


STATIC DESIGN - 
The clock of a static CMOS microprocessor 
may be at any frequency 
below the specified 
maximum. 
CMOS users frequently 
lower the frequency, 
to conserve 
power, approaching 
the point where the processor 
is fully loaded during the worst-case 
program cycle. A static MPU allows operation 
at 1 kHz or 10kHz 
in applications 
where 
battery 
drain is critical, 
and the workload 
light. A static processor 
can also be stopped 
during 
any cycle without 
losing 
any volatile 
information, 
which 
assures 
extremely 
low 
standby current. 


PROGRAM 
CONTROL 
OF POWER - 
Typical 
CMOS 
microprocessor 
applications 
require considerable 
attention to minimizing 
power consumption. 
The M6805 and M6804 


. -Families 
of CMOS 
processors 
include 
program 
control of power usage, 
as well as the 
traditional 
external power optimizing 
tools. The program may initiate either of two standby 


modes, called Stop and Wait, which halt program execution. The external or timer interrupts 
automatically 
turn the processor 
back on to allow execution 
to resume. 
Why not save 
power when the program 
has no work to do? The program can be restarted 
when there 
is work that needs doing. Battery drain is the average 
of operating 
and standby 
current 


for the average work duty cycle. 


LOW POWER 
DISSIPATION 
- 
A major side benefit of low power usage is that the 
heat dissipated 
is also low. The costs of cooling equipment 
is not needed. 
Fan noise in 
an office environment, 
as well as fan unreliability, 
need not be endured. Systems 
may be 
enclosed 
in smaller 
housings. 
Air tight systems 
need not have special 
heat conducting 
mechanisms. 


WIDER VOLTAGE RANGE - 
The initial CMOS MPU products 
are characterized 
to 
operate from 3.0 to 6.0 voltages. The voltage range is being extended to higher voltages 
in upcoming versions. The wider voltage range permits lower cost power regulation, easier 
switching to back-up sources, and lower cost batteries. The higher voltage parts add noise 
immunity to the wide voltage range benefits. 


SINGLE-CHIP 
MICROCOMPUTER 
FAMILIES FEATURES 
SPECTRUMS 


The following 
illustrations 
(Figures 1-2 through 
1-5) represent the microcomputer 
families 
and their features. 
• 


• 


SPI = SERIAL PERIPHERAL 
INTERFACE 
SCI = SERIAL COMMUNICATION 
INTERFACE 
COP = COMPUTER OPERATING 
PROPERLY 


B= BYTE 
CHAN = CHANNEL 
COP = COMPUTER OPERATING 
PROPERLY 
1/0 = INPUT OUTPUT 
OSC SYN = OSCILLATOR 
SYNTHESIZER 
PLL = PHASE LOCK LOOP 
SCI = SERIAL COMMUNICATION 
INTERFACE 
SPI = SERIAL PERIPHERAL 
INTERFACE 


8-BIT THP = 8-BIT TIMER HARDWARE 
PRESCALER 


• 


• 


B= BYTES 
STBY = STANDBY 
CH=CHANNEL 
SPI = SERIAL PERIPHERAL 
INTERFACE 
SCI = SERIAL COMMUNICATION 
INTERFACE 
COP = COMPUTER OPERATING 
PROPERLY 


Reliability II 


I 


RELIABILITY AND QUALITY 
MONITOR 
REPORT 


Motorola conducts extensive reliability tests to qualify devices, to evaluate process and material 
changes and to accumulate generic performance data. The results of these tests provide the basis 
for production decisions and the generation of reliability reports for customer use. The following 
report provides an overview of reliability testing on Motorola's MOS Microprocessor Components 
conducted during 1983. Included in the report are summary results of dynamic life testing and ther- 
mal performance testing for plastic and ceramic packaged devices, and moisture performance test- 
ing for plastic parts. Results of the tests are detailed below. 


Dynamic Life 


Dynamic life, or high temperature operating life, is performed to accelerate failures resulting from 
thermally activated defects. Failure mechanisms detected during life test include die related defects 
which occur during wafer processing and both die and package related defects which occur during 
assembly. 
Stress is generated through the application of a 5.5 volt dynamic bias and an ambient temperature 
of 1250 C. A dynamic bias is considered more effective than static bias for LSI Microprocessor devi- 
ces because a large percentage of the chip can be continuously exercised. During life test, devices 
are exercised using a common mid-range frequency clock signal which is typically 500KHz or 1MHz. 


Devices are electrically tested after 168, 504, and 1008 hours using computer controlled testers 
which employ functional patterns under worst-case supply and clock conditions. Pass/fail criteria are 
established for each circuit type based on functionality and data sheet limits for AC and DC parame- 
ters. Devices which fail to meet a test criterion are segregated by failure mode and data logged, and 
failure analysis is performed, when appropriate, to establish associated failure mechanisms. 


Life test failure rates are calculated using the Chi-Square distribution and a 90% confidence level 
(see Appendix A). Tables 1, 2 and 3 summarize the 1983 dynamic life test data for MOS Micro- 
processors. 


Test results contained herein are for information only. This report does not alter 
Motorola's standard warranty or product specifications. 


TABLE 1. 
SUMMARY OF DYNAMIC LIFETEST RESULTS 
(PLASTIC) 


70°C 
Failure 
Device 
Test 
125°C 
Equivalent 
Rate* 
Technology 
Type 
Devices 
Device Hours 
Device Hours 
Failures 
FITs 


NMOS 
MC6800 
135 
135,576 
6.6 
x 106 
1 
590 
MC6802 
135 
132,816 
6.9 
x 106 
0 
335 
MC6810 
180 
179,592 
9.2 
x 106 
1 
420 
MC6821 
180 
181,440 
9.6 
x 106 
0 
240 
MC6844 
45 
45,360 
1.4 x 106 
0 
1650 
MC6845 
180 
180,480 
6.0 
x 106 
1 
640 
MC6846 
45 
45,360 
1.5 x 106 
0 
1550 
MC6847 
180 
179,928 
8.8 
x 106 
2 
600 
MC6850 
180 
179,592 
9.5 
x 106 
3 
700 
MC6852 
177 
177,408 
7.1 
x 106 
0 
325 
MC6854 
90 
90,720 
3.4 
x 106 
0 
720 
Custom A* * 
210 
211,680 
15.3 
x 106 
0 
150 
Custom B* * 
420 
423,360 
23.0 
x 106 
0 
100 
Custom C* * 
210 
210,672 
16.2 
x 106 
1 
240 


TOTAL 
2,367 
2,373,984 
124.5 
x 106 
9 
114 


HMOS 
MC6801 
180 
179,640 
7.0 x 106 
2 
760 
MC6801U4 
180 
179,424 
7.0 x 106 
1 
560 
MC6805P2 
417 
387,744 
17.1 
x 106 
2 
310 
MC6805P4 
45 
45,360 
2.0 x 106 
0 
1150 
MC6805R2 
180 
162,984 
8.6 
x 106 
1 
450 
MC6805R3 
45 
44,856 
1.7 x 106 
0 
1350 
MC6805T2 
45 
45,360 
1.9 x 106 
0 
1200 
MC6809 
135 
133,056 
3.8 
x 106 
2 
1440 
MC6809E 
400 
383,376 
10.8 
x 106 
3 
620 
MC6835 
90 
90,720 
3.0 
x 106 
0 
770 
MC68000 
306 
392,856 
23.5 
x 106 
3 
285 
MC68008 
63 
63,504 
2.2 
x 106 
0 
1050 
MC68230 
77 
76,776 
3.7 
x 106 
0 
620 
Custom 0* * 
90 
90,216 
5.4 x 106 
0 
430 


TOTAL 
2,253 
2,275,872 
97.7 
x 106 
14 
205 


CMOS 
MC141200 
134 
133,560 
14.1 
x 106 
2 
380 
MC146805E2 
624 
613,368 
59.5 
x 106 
4 
135 
MC146805G2 
314 
299,520 
29.1 
x 106 
5 
315 
MC146805F2 
90 
86,832 
7.8 
x 106 
2 
680 
MC146818 
259 
256,344 
21.2 
x 106 
3 
310 


TOTAL 
1,421 
1,389,624 
131.7 
x 106 
16 
170 


GRAND TOTAL 
6,041 
6,039,480 
353.9 
x 106 
39 
136 


90% Confidence Level 
See notes on page 3. 
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TABLE 2. 
SUMMARY OF DYNAMIC LIFE TEST RESULTS 
(CERAMIC) 


70°C 
Failure 
Device 
Test 
125°C 
Equivalent 
Rate* 


Technology 
Type 
Devices 
Device Hours 
Device Hours 
Failures 
FITs 


NMOS 
MC6800 
45 
45,360 
3.2 
x 106 
0 
720 
MC6810 
135 
135,576 
9.2 
x 
106 
0 
250 
MC6821 
45 
45,360 
2.7 
x 
106 
0 
860 
MC6845 
135 
135,240 
7.6 
x 
106 
1 
510 
MC68661 
105 
105,840 
6.8 
x 
106 
0 
340 
MC68681 
135 
136,080 
6.5 
x 106 
0 
350 
MC68701 
135 
134,280 
4.8 
x 106 
1 
800 


TOTAL 
735 
737,736 
40.8 
x 
106 
2 
130 


HMOS 
MC6805R2 
45 
44,856 
3.1 
x 
106 
1 
1250 
MC6805T2 
18 
18,144 
1.0 x 106 
0 
2300 
MC6809 
45 
44,520 
2.4 
x 
106 
1 
1650 
MC6835 
45 
43,896 
1.4 x 
106 
0 
1650 
MC68000 
324 
332,764 
18.1 
x 106 
3 
580 
MC68008 
291 
377,328 
15.2 
x 
106 
0 
150 
MC68120 
133 
131,040 
5.4 
x 106 
3 
1250 
MC68705P3 
180 
179,760 
10.4 
x 
106 
1 
370 
MC68705R3 
45 
45,360 
2.1 
x 106 
0 
1100 


TOTAL 
1,126 
1,217,668 
59.1 
x 106 
9 
240 


CMOS 
MC146805E2 
308 
303,312 
32.1 
x 106 
4 
250 
MC146805G2 
183 
180,984 
19.1 
x 106 
1 
200 


TOTAL 
491 
484,296 
51.2 
x 
106 
5 
180 


GRAND TOTAL 
2,352 
2,439,700 
151.1 
x 
106 
16 
148 


90% Confidence Level 


Custom A - 
CPU similar in size to an MC6801 
Custom B - 
Controller similar in size to an MC6801. 
Custom C - 
Controller with on-board RAM. 


Custom D - 
A modified version of the MC6805P2. 


TABLE 3. 
MICROPROCESSORFAMILY DYNAMIC LIFE TEST RESULTS 


70°C 
Failure 
Total 
125°C 
Equivalent 
Rate* 
Devices 
Device Hours 
Device Hours 
Failures 
FITs 


WAFER PROCESSTECHNOLOGY 


NMOS 
3,102 
3,111,720 
165.3 
x 
106 
11 
100 
HMOS 
3,379 
3,493,540 
156.8 
x 
106 
23 
193 
CMOS 
1,912 
1,873,920 
182.9 
x 
106 
21 
155 


PACKAGING SYSTEM TECHNOLOGY 


Ceramic 
2,352 
2,439,700 
151.1 
x 106 
16 
148 
Plastic 
6,041 
6,039,480 
353.9 
x 
106 
39 
136 


TOTAL 
8,393 
8,479,180 
505.0 
x 106 
55 
130 


Plastic Package 
Environmental 
Performance 


The use of plastic encapsulation for packaging of integrated circuits has met with widespread cus- 


tomer acceptance throughout the 7emiconductor industry because it is lighter, less expensive, and 
more resistant to physical damage than ceramic packaging. However, there are several reliability 
concerns in plastic package.,: contamination, 
moisture resistance, wirebond integrity, and thermal 
performance. Dynamic life test results show no significant difference between plastic and ceramic 
device performance; this demonstrates that Motorola's careful selection of materials and rigid con- 
trol of processes has eliminated any plastic-related performance degradation. The following section 
addresses the other reliability concerns of plastic parts: corrosion, wirebond integrity, and thermal 
performance. 


In plastic integrated circuits, moisture present in the package can cause an increase in the corro- 


sion rate of the die metallization, if ionic contaminants 
are present, resulting in failures when the 
device is in use. Moisture may reach the interconnect 
metallization along the leadframe-molding 


compound interface or through the bulk of the plastic. The combination of moisture, ionic contami- 
nants carried in with the moisture or present in the plastic, and an electric field creates an electrolytic 
cell which becomes a corrosion site. 


To help prevent corrosion problems, Motorola uses a molding compound which forms a compres- 
sive bond around the leadframe which, when cured, produces a tight seal to minimize microgaps. 
Tighter control of contamination sources throughout the manufacturing process, improvements in 
passivation and improved metallization techniques have resulted in lower defect density and more 
complete passivation coverage, keeping moisture from penetrating to the die surface. 
Two accelerated tests are used by Motorola to assess the level of performance achieved by the 
combined application of these corrosion-prevention measures: Autoclave and Temperature Humidity 
Bias (T.H. B.). 1983 moisture performance test results are detailed below. 


Autoclave 


Autoclave testing uses a combination of temperature, humidity, and pressure to accelerate mois- 
ture ingress along the leadframe-molding compound interface path. The absence of a bias keeps 
device power dissipation from acting as a moisture barrier, increasing the probability that moisture 
will reach the die if a part is defective. 
Autoclave test conditions include 121°C, 
100% relative humidity and 15 psig. Each test sample 
is selected from a separate assembly lot and subjected to a minimum of 144 hours of stress; com- 
plete parametric and functional tests are performed on all devices at each readpoint. All electrical fai- 
lures are included in the data base, not only those associated with corrosion on the die. Autoclave 
test results fO{ 1983 are summarized in Table 4. 


TABLE 4. 


AUTOCLAVE 
TEST RESULTS 
121°C 
100% R.H. 
15 psig 


Hours 
48 
96 
144 


Failures/Sample 
4/3661 
7/3644 
3/3627 
Percent Defective 
0.11 
0.19 
0.08 
Cumulative 
Percent Defective 
0.11 
0.30 
0.38 
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Temperature 
Humidity 
Bias 


Temperature Humidity Bias (T.H.B.) testing is used to evaluate the moisture resistance of plastic 
devices by employing the severe conditions of 85°C, 
85% relative humidity, and 5 volts to accele- 
rate corrosion of the metallization. The biasing circuits used in T.H.B. testing create static electric 
fields between adjacent pins and metallization stripes, maximizing the effect of electrolytic 
cells 
while minimizing the power dissipation. A typical T.H.B. biasing scheme would include: all 110 or out- 
put pins either open or with resistive terminations; enable pins are disabled; and all other pins have 
alternate VDD and VSS on adjacent pins. As with autoclave, the expected failure mode is corrosion 
of the die metallization. 
EachT.H.B. sample is sourced from a separate assembly lot and tested for a period of 1008 hours. 


Complete parametric and functional test programs are typically performed at the 168, 
504, 
and 
1008 hour read points using computer controlled testers. The pass/fail criteria used for life test are 
also employed with T.H.B. samples. A worst-case analysis is presented since all electrical failures are 
considered instead of only those associated with corrosion mechanisms. Results for 1983 are sum- 
marized in Table 5. 


TABLE 5. 
TEMPERATURE HUMIDITY BIAS TEST RESULTS 
85°C 
85% 
R.H. 
5.0 VOLTS 


Hours 
168 
504 
1008 
2000 


Failures ISample 
1/3537 
8/3509 
8/3373 
0/99 
Percent Defective 
0.02 
0.23 
0.24 
0.00 
Cumulative 
Percent Defective 
0.02 
0.25 
0.49 
0.49 


A linear plot (Figure 1) shows the continued improvement in T.H.B. performance as measured in 
1980, 
1981, 1982, and 1983. 


MICROPROCESSOR 
THB PERFORMANCE FOR 1980-1983 
7' 


/ 
./ 
/ 


i7 
/' 
J 1980 
~....- 


./ 
"." 
/' 
.".,.". 


0 
V 
/ 
/ 
"~1 
..-- 
.•.• 


./ 
,** 
--.. --- ---- 


......- 
.. 
:~ 
/' 
0 ••••.... 
~-..,.,- 
_. 
. 
..,.,-- 
~ 
.,.. 
--0 
~ . 
-g,1--° 
1983 
-- 
~1--°- 


Q) 
.2 
2 


'(iju. 


1000 


Time in Hours 


Thermal Cycling Performance 


Thermal cycling accelerates the stressing effects of thermal expansion mismatch between the 
various components of the plastic and ceramic packaging systems through rapid successive excur- 
sions to high and low temperature extremes. Temperature cycle and thermal shock are two tests 
which are used to determine the effects of these stresses on package integrity, especially wire bond 
and die bond integrity. These types of failure modes follow the classical wearout mechanism pattern 
(i.e. an increasing failure rate with increased cycles of exposure). 


Temperature Cycle 


The integrity of wire bonds and die bonds in plastic packages can be accurately evaluated through 


temperature cycle testing. "Military 
Standard 8838", 
Method 1010.4, Condition C is employed to 
permit easy comparison of results with other industry sources. 


Devices are inserted into the cycling system and held at - 65°C for at least ten minutes. Follow- 
ing the cold dwell, devices are heated to 150°C during a transition time of five minutes maximum, 
after which devices dwell at 150°C for a minimum of ten minutes. They are then cooled during a 
similar transition period to - 65°C after which the cycle is repeated. The system employs a circulat- 
ing air environment to assure rapid stabilization at the specified temperature. The dwell at each 
extreme, plus the two transition times, constitutes one test cycle (approximately 30 minutes). 


Electrical measurements and high temperature continuity tests are typically performed after 100, 
500 and 1000 cycles. The predominant failure mechanism in the ceramic packaged product is wire 
bond breakage above the ball near the die where the heat and stress of the bonding process reduce 
the strength of the wire. The predominant temperature cycle activated failure mechanisms in plastic 
encapsulated circuits are die lift and die crazing/cracking due to inadequate die wetting/curing 
and 
mold compound stresses on the die, respectively. Results of the test are shown in Table 6. 


TABLE 6. 


TEMPERATURE 
CYCLE TEST RESULTS 
- 65°C 
TO + 150°C 
AIR TO AIR 


Cycles 
100 
500 
1000 


Failures/Sample 
8/5718 
10/5702 
17/5648 
Percent 
Defective 
0.14 
0.18 
0.30 
Cumulative 
Percent 
Defective 
0.14 
0.32 
0.62 


Thermal shock is an environmental test performed in accordance with "Military Standard 8838", 
Method 1011.3, Condition C. The objective of this test is the same as that for temperature cycle - 
to emphasize differences in expansion coefficients for components of the packaging system. How- 
ever, thermal shock provides a more severe stress than temperature cycle in that the devices are 
exposed to a more sudden change in temperature due to the higher thermal conductivity 
and heat 
capacity of the liquid ambient. 
Devices are placed in a fluorocarbon bath cooled to - 65°C. After being held in the cold chamber 


for at least five minutes, the sample is transferred in lessthan ten seconds to an adjacent chamber fil- 
led with fluorocarbon at 150°C and held for an equivalent time. The dwell time at each endpoint, 
plus the total transition time, constitues one test cycle (approximately ten minutes). Thermal shock 
endpoint electrical measurements and high temperature continuity tests are tyf}ically performed at 
100, 500, and 1000 cycles. Results of thermal shock tests performed in 1983 are shown in Table 7. 
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TABLE 7. 
THERMAL SHOCK TEST RESULTS 
-65°C 
TO + 150°C 
LIQUID TO LIQUID 


Cycles 
100 
500 
1000 


Failures/Sample 
7/2650 
8/2634 
8/2611 
Percent Defective 
0.26 
0.30 
0.31 
Cumulative Percent Defective 
0.26 
0.56 
0.87 


Data Retention testing is performed to measure the stability of microelectronic devices during stor- 
age at elevated temperatures 
with 
no electrical stress applied. The devices are exposed to an 
ambient environment of 150° C per Military Standard 8838, 
Method 1008, Condition C. An accele- 


ration of charge loss from the storage cell is the expected result. All groups are tested to 1008 hours. 


TABLE 8. 
DATA RETENTION BAKE 
150°C 


Hours 
168 
504 
11008 


Failures/Sample 
1/355 
0/354 
0/353 
Percent Defective 
0.28 
0.00 
0.00 
Cumulative Percent Defective 
0.28 
0.28 
0.28 


Outgoing 
Quality 
Results 


Outgoing final inspection includes a check for a large variety of visual/mechanical defects including 
chipped packages, bent of missing leads, marking problems, mixing of product, cover to base align- 
ment, etc. Electrical tests include functionality 
and parametric testing to device specifications for 
each individual part. Outgoing quality results for 1983 are listed in Table 9. 


TABLE 9. 
AVERAGE OUTGOING QUALITY 


Electrical 
Visual/Mechanical 
Goal 
AOQIPPM) 
AOQ (PPM) 
Actual 
Actual 


Total 1979 
3000 
(-) 
4000 
(-) 
4500 
Total 1980 
2500 
(-) 
2000 
(-) 
2500 
Total 1981 
1500 
1725 
1920 
Total 1982 
900 
717 
1103 
Total 1983 
425 
383 
380 


Conclusions 


There are three main conclusions that one can draw from the 1983 data base. First, the overall life 
test performance has remained stable (within 
± 10 FITs) when compared to last years results. A 
breakout of the life test data by the package and process technology shows only small fluctuations 
both positive and negative with no indication of any significant problem trends. The second conclu- 
sion of interest is that there have been some positive advances in the environmental stress results for 
this year. Temperature humidity 
bias, temperature cycle, and thermal shock all showed signs of 
improvement in varying degrees over the 1982 figures. The decrease in cumulative percent failure 
rate of each environmental stress over 1982 results is as follows: a 0.05% 
reduction in T.H.B. failu- 
res, a 0.03% 
reduction in temperature cycle failures, and a 0.28% 
reduction in thermal shock failu- 
res. The final major conclusion that can be drawn from this report is that the Average Outgoing Qua- 
lity (AOQ) of our products has improved significantly 
when compared to 1982. Electrical AOQ per- 
formance has been reduced by 324 PPM, while visual/mechanical results have decreased 723 PPM. 
This is a marked improvement 
and should have a major impact on the quality of Motorola's 
parts 
shipped to our customers. 


The combined effect of stable life test results, improvements in long term environmental package 
performance, and greatly improved AOQ results should all mean one thing, a product of higher qua- 
lity and reliability received by the end user. 
• 
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APPENDIX A. 
QUALITY AND RELIABILITY SYSTEM 


A complete Reliability and Quality Assurance system is in place to monitor and control the perfor- 
mance of Motorola's MOS Microprocessor Components. Incoming Quality Control inspects starting 
wafers, masks, chemicals, package piece parts and molding compounds. Process Engineering and 
In-Process Quality Control perform step-by-step monitoring of the wafer process to check oxidation, 
diffusion, photolithography, 
ion implantation, polysilicon deposition, metallization, passivation, and 
other process operations. 
Final visual, class probe, and capacitance-voltage 
plots complete the 
wafer area inspections. Environmental monitors are also performed for air cleanliness, water quality, 
temperature and humidity. 
In the assembly area, In-Process Quality Control performs monitors c.n equipment performance 
and gate inspections at the major process steps on all lots. The Outgoing Quality Control group conti- 
nues this philosophy in the final test area by performing electrical and visual-mechanical gates on 
every lot. The electrical inspection, which consists of AC, DC and functional tests, is performed to a 
0.1 % (maximum) Acceptable Quality Level (AQl) sampling plan. The visual/mechanical inspection is 
also performed to a 0.1 % AQL sampling plan. Any lot which fails either of these gates is returned to 
production for 100% rescreen. A Quality Engineering organization exists to approve final test pro- 
grams and support the Outgoing Quality Control organization. Test programs are tailored to assure all 
required specifications are met or the devices are rejected. 


The Reliability Engineering organization is responsible for performing qualifications of new designs 
and process changes prior to introduction. 
In addition, Reliability Engineering establishes and main- 


tains monitor programs to assure processes stay in control once they are qualified. Results from 
these programs provide rapid feedback to correct problems as they occur. 


Supporting these efforts 
is the Metrology 
Laboratory which includes both a Standards and a 
Calibration 
Laboratory 
to 
provide 
National 
Bureau of 
Standards traceability 
to 
all production 
measurements. 
Also offering required support are a Chemical Laboratory with such equipment as a gas chro- 
matograph/mass spectograph and X-ray fluorescent systems for detailed incoming chemical anal- 
yses; a Surface Analysis Laboratory whose equipment includes a Scanning Electron Microscope 
(S.E.M.) and a Scanning Auger Microprobe (S.A.M.); and a Product Analysis Laboratory for detailed 
analyses of failure modes and mechanisms for Microprocessor devices. 
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APPENDIX 
B. 
PACKAGING 
SYSTEMS 


Motorola Microprocessor devices are produced in plastic, CERDIPand sidebraze packages. The 
ceramic package types are hermetically sealed to protect the integrated circuit from environmental 
factors and permit operation over extreme temperature ranges. Although plastic devices are not her- 
metic, modern epoxies exhibit extremely high moisture resistance, and long lifetimes may therefore 
be expected from these devices in typical environments. 


Plastic 
In recent years, plastic encapsulated devices have gained widespread acceptance throughout the 
electronics industry. Improvements in materials and process controls have resulted in significant 
improvements in reliability performance. In addition, plastic packages have the advantage of low 
cost and physical strength. Through careful selection of molding compound, leadframe material, and 
assembly methods, Motorola produces plastic packaged ICs with reliability suitable for nearly all 
applications. 


Encapsulated integrated circuits incorporate the simplest processing and package construction of 
the various systems available. The die is attached to a leadframe, wire bonded and encapsulated 
using an epoxy novolac molding compound. The die may be attached to the leadframe by epoxy or 
by any of a variety of eutectic forming metal preforms. Wire bonding may be thermocompression or 
thermosonic, but the wire is always gold. This system has evolved from early industry experiments 
with aluminium ultrasonic wire bonding which experienced high rates of opens and intermittents. 
The encapsulant is the most critical component of the system since it controls contamination, mois- 
ture resistance, and stress effects. 
Epoxy novolacs have become the industry standard molding 
compound since they combine excellent characteristics in all these areas. 
The plastic package is, by far, the most resistant to physical damage since the die is completely 
encapsulated and cavity hermeticity is not a concern. Since the package is light in weight and the 
plastic is less brittle than ceramic, chipping and cosmetic damage are not problems. The leadframe 
and plating are equivalent to CERDIP,and modern epoxies pose no danger from contamination. 
In comparing plastic to ceramic packages, there are two characteristics to be considered: moisture 
resistance and thermal characteristics. Microprocessor plastic products perform very well on mois- 
ture resistance related tests. This is due to advances in molding compounds, and the characteristic 
low voltages and moderate power dissipation of Microprocessor products. In most instances, plastic 
devices will provide excellent performance, essentially equivalent to hermetic performance. Thermal 
resistance has been improved dramatically through the introduction of copper leadframes and heat- 
spreaders. During 1984, a large number of Microprocessor devices will be converted from Alloy 42 
to copper leadframes to take advantage vi the better thermal conductivity of copper. This results in 
lower junction temperatures, and subsequent improvements in electrical characteristics and reliabi- 
lity performance. 
Another approach to lower thermal resistance for devices with high power dissipation is plastic 
assembly using a heatspreader. The heatspreader is an anodized aluminium piece part that sits below 
the plane of the leadframe. During the encapsulation process, the heatspreader is surrounded by 
plastic and becomes part of the package structure. Heatspreaders, when used in combination with 
Alloy 42 leadframes, yield a thermal resistance roughly equivalent to a copper leadframe plastic 
device, or to a ceramic device. Devices which contain a heatspreader employ the suffix "G': to 
designate this package type. The MC6801 Microprocessor Family has been offered in this package, 
and the 64-pin MC68000 
16-bit Microprocessor is being in a heatspreader package. 
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The sidebraze, or solder seal, package is composed of three layers of alumina which are screened 
with refractory metal such as tungsten or moly manganese and fired together to form the package 
body with a cavity for the die. The refractory metal is then plated and Alloy 42 leadframes are brazed 
to the bottom, sides or top of the package, depending on the vendor. The advantage of the sidebraze 
version is accurate lead alignment without the need for forming. The final piece part operation is plat- 
ing which may be gold, or tin with a selective gold plate in the cavity. Although epoxy die bounding is 
feasible in this package - 
due to the higher sealing temperature, 
most manufacturers, 
including 
Motorola, employ a eutectic bond. Both aluminium ultrasonic wire bonding and gold thermocompres- 
sion bonding are used. 


Some tradeoffs exist in the performance characteristics of the two hermetic packages as they are 
offered by Motorola. Both typically are ceramic, hermetic, employ a eutectic die bond, use ultrasonic 
aluminium wire bonding, and have tin plating. The thermal resistance of the packages is very similar, 
with the sidebraze having a slight advantage. Both packages perform well on the standard thermal 
and mechanical environment tests, but each is susceptible to handling damage. Loose shipping rail 
packaging or high velocity impacts during testing can chip the sidebraze package and sever the inter- 
layer metallization. 
This type of handling will not affect the 10-mil-thick 
leadframe of the CERDIP 
package, but hermeticity failures can occur. The CERDIPpackage is slightly thicker and heavier, but 
no conductive surfaces are exposed so the shorting potential in dense packaging is reduced. Exten- 
sive testing of 24, 28, and 40 lead CERDIPand sidebraze devices has indicated no significant diffe- 
rences in reliability. 
Some Microprocessor devices are now being offered in Leadless Chip Carriers (LCC). The primary 
advantage of LCCs is increased device density at the board or substrate level. Motorola currently 
uses a 40-pin LCC that is essentially identical to the sidebraze dual-in-line in construction 
characte- 
ristics and assembly methods. Some MC68000 
16-bit family devices will be offered in higher termi- 
nal count LCCs, up to 68 terminals. Future plans include LCCs with single layer construction 
and 
other package types offering higher packing density at the system level. 
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APPENDIX C. 
FAILURE RATE CALCULATIONS 


Environmental tests are designed to measure device resistance to unusual and severe stress, not 
expected under normal operating conditions. 
Device performance under these conditions is ex- 
pressed as a percent of devices defective and compared to previous results. Life tests, on the other 
hand, accelerate the use conditions of the device with temperature and voltage in a manner which is 
more quantitatively correlatable to system operation. Life test failure rates are expressed as failures 
per unit time and are calculated using established principles of probability and statistics. 
The principles of reliability engineering have indicated that failure rates for semiconductor devices 
will take the form of the "bathtub" 
curve (Figure C1). 
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The following three regions are represented in the curve: 
1. Infant Mortality 
- 
a region of high but rapidly declining failure rates, usually associated with 
manufacturing defects. 


2. 
Random Failures - 
a region of low, random failures caused by more subtle defects. This 
area of the curve represents the useful part of device life. 
3. 
Wearout 
- 
a region of rapidly rising failure rates related to device wearout. Most semi- 
conductors will not reach this stage before they are replaced because of changes in technology. 


Techniques for calculating life test failure rates assume that the devices being tested have passed 
infant mortality and entered the stable random failure portion of the life curve. Failureswhich occur in 
this area are few and are known to approximate specific probability distributions. These probability 
distributions are used to calculate sample failure rates which can be projected to the population in 
general through the application of confidence limits. Techniques used to calculate life test failure 
rates for microprocessors are discussed below. 
A failure rate for any sample of life tested devices can be determined by dividing the number of fai- 
lures by the number of device hours. However, this rate will apply to that sample only. If you are inte- 
rested in projecting from the sample to the populations in general, you must establish confidence 
limits. The application of confidence limits is a statement of how "confident" 
you are that the 
sample failure rate approximates that for the population in general. To obtain rates with different 
confidence levels it is necessary to make use of specific probability distributions which take the same 
form as the actual failure distribution. 


It has been determined that failures in semiconductors that have entered the middle portion of the 
bathtub curve will approximate a Poisson distribution; 
this distribution applies when one has a large 
sample with an extremely small number of events of interest, such as device failures. Given a Pois- 
son failure process, a Chi-Square distribution 
can be used to establish confidence limits for failure 


rates., Reliability Engineering has determined that the following general formula, which utilizes values 
from a Chi-Square table, can be used to calculate failure rates for semiconductors: 


A = _1_x_10_5= _X2_(cc_,_d_,f_,) 
MTTF 
2t 


A = Failure Rate, %/1000 
Hours 
MTTF = Mean Time To Failure (Hours) 
x2 = Chi-Square Function 
100 - 
Confidence Limit 


100 


d,t 
= Degrees of Freedom 
= 2r + 2 
r = Number of Failures 
t = Device Hours 


To calculate the failure rate, first determine the level of confidence 
you require and calculate 
degrees of freedom. Select the Chi-Square value from a Chi-Square distribution table with the appro- 
priate degrees of freedom and confidence level. Divide that value by twice the actual device hours, at 
the temperature of interest. 
The above formula applies for calculating a device failure rate, provided that the test is conducted 
at system temperature. 
However, since we are unable to observe long-term effects which develop 
over time, the test is accelerated through the application of a high temperature. In order to calculate a 
failure rate at the ambient temperature of a system, a factor must be supplied to compensate for the 
acceleration. The factor (Fa) which equates test temperature with rated temperature is derived from 
the Arrhenius relationship: 


Fa = exp ((a/k) 
. (~ 
- 2-)) 


Tr 
Tt 


Fa = Acceleration 
Factor 
a = Activation Energy, eV 
k = Soltzman's constant, 8.62 x 10 - 5 eV/oK 
Tr = Junction Temperature, oK at the Rated Ambient of 70°C 
Tt = Junction Temperature, oK at the Life Test Ambient of 125°C 


Motorola uses 70°C 
for the system temperature (Tol to more closely approximate the actual tem- 
perature of the device during system operation and to supply a degree of conservatism to the failure 
rate calculation. 
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Motorola uses an activation energy (e) value of 1.0 electron-volt. 
A 1.0 eV was selected as an 
average value because a variety of different failure mechanisms exist for microprocessor and other 
VLSI devices, with activation energies ranging from 0.40 
eV for oxide related failures to 1.0 eV or 
greater for contamination and metal related failures. Tr and Tt of the equation are the average junc- 
tion temperatures 
present at the rated and test ambients. Motorola 
uses junction, 
rather than 
ambient temperature, 
because they produce acceleration factors that are more conservative and 
representative of actual conditions. These temperatures are calculated as follows: 


TJ = Junction Temperature, °C 
TA = Ambient Temperature, °C 
PD = Average Power Dissipation, Watts 
6JA = Thermal Resistance - 
Junction to Ambient, °C Per Watt 


Once this step has been completed, the acceleration factor can be calculated and applied as a mul- 
tiplier to the number of device test hours under accelerated test conditions to determine the equiva- 
lent number of hours at rated operating conditions. To determine the failure rate at the operating 
temperature, use equation (1) substituting the equivalent device hours at rated temperature for t in 
the equation. 
Formula 1 provides a failure rate expressed in percent per thousand hours. This number, stated as 
a percentage per each thousand hours of operation, is one way Motorola Reliability Engineering 
expresses failure rates for Microprocessors. One other way of expressing failure rates is Failures In 
Time (FITs) which refers to failed units per 109 device hours (1 FIT = A x 
104). 


Mean Time To Failure (MTTF) is another parameter frequently used to express failure rates. MTTF 
is the average time to a failure of a non-repairable item such as a semiconductor and is expressed as 
the reciprocal of the failure rate: 


APPENDIX D. 
ELECTRICAL TESTING AND FAILURE CHARACTERISTICS 


The electrical measurements performed on reliability test samples were obtained using computer 


controlled testers and programs employing exhaustive functional routines under worst-case supply 
and clock conditions. Devices which do not meet a test criterion, including those failing for para- 
metric reasons, are first segregated into "bin outs" defined by the test program. A data log is obtai- 
ned from which each failing device is then assigned to one of six failure mode categories. An analysis 
to determine specific failure mechanisms is performed when the level or pattern of failure indicates 
that it is appropriate. T.H.B. rejects are routinely decapsulated and inspected for corrosion of the 
metallization. 


The electrical test programs are typically constructed in the following manner: 


1. 
"Opens" 
test 


2. 
"Shorts" 
test 


3. 
Input Leakage 


4. 
Functionality using nominal supply and input voltage levels and low frequency clock conditions 


5. 
Functionality to data sheet parametric limits using worst-case combil)ations of VDD level and 
clock frequency 
6. 
Three-state leakage 


7. 
Output buffer current drive capability 
8. 
Power dissipation test 


Failure modes categorized according to these tests do not always indicate a specific problem and 


individual test programs may deviate from the sequence shown above as required for complete test- 
ing of the specific device type. Microprocessors and other LSllogic circuits do not readily lend them- 
selves to the identification of failure modes since their complexity creates an astronomical number of 
possible combination, some of which are very subtle. Attempts 
to categorize these modes by the 


test sequence invariably result in groupings which are not mutually exclusive or related to physical 
mechanisms. 
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C. 
II 
D. 


E. 


F. 


TABLE 01. 
FAILURE MODE CLASSIFICATION 


OPENS - 
No electrical connection between an external terminal and corresponding die circuitry 
(possible intermittent). 
MOS inputs are normally high impedance parts and opens are detected 
by forward-biasing the substrate diode. 


SHORTS 
- 
An unintended resistive path of relatively low value between one terminal and any 
other terminal. 


FUNCTIONAL 
- A failure of one or more output terminals to respond with a correct logical state 
under nominal supply, clock, and VIH/VIL levels; a violation of the internal Boolean relationship 
defined by the circuit design. 


INPUT LEAKAGE - 
A current of either polarity which exceeds data sheet limits for input ter- 


minals. Large values of leakage are classified as shorts. 


THREE-STATE LEAKAGE - 
A current of either polarity which exceeds data sheet limits for I/O 
terminals when under three-stated conditions. This parameter is also timing dependent and, 
when catastrophic, 
is classified as a functional failure mode. 


PARAMETRIC 
- 
A broad classification of non-catastrophic failure modes which excludes leaka- 


ges but includes: 


1. Failure to respond at one or more output terminals with a correct logical state under worst- 


case supply, clock, and VIH/VIL conditions; 
usually the result of excessive propagation 
delays, improper VOH/vOL levels, or a dynamic logic state which should be static, etc. Must 
be 100% functional under nominal conditions and may be associated with leakage currents 
not previously detected. 


2. Excessive power dissipation. For CMOS Microprocessors, leakage currents can be a'signifi- 


cant contributing factor for this failure mode. Device is 100% functional. 


3. Incorrect output analog voltage or current level not resulting in a functional failure. 


The distribution of failure modes and mechanisms observed during life testing appears to be the 
result of random manufacturing anomalies and does not, therefore, indicate trends correlatable to 
specific process or design deficiencies. These results are consistent with careful attention to process 
controls and reflect Motorola's high priority for quality and reliability. 


APPENDIX E. 
MICROPROCESSOR AVERAGE JUNCTION TEMPERATURES 
AND GATE COUNTS 


Average Junction 


MOS 
Device 
Temperature 
@ TA = 70°C 
Equivalent 
Technology 
TVpe 
Plastic 
Number of 
Ceramic 
A42 
Cu 
Gates 


NMOS 
MC6800 
83 
92 
1,367 
MC6802/08 
91 
116 
3,633 
MC6810 
83 
92 
1,083 
MC6821 
79 
92 
81 
450 
MC6844 
85 
103 
88 
1,000 
MC6845 
89 
105 
90 
750 
MC6846 
89 
109 
91 
3,755 
MC6847 
83 
94 
84 
833 
MC6850 
81 
92 
85 
580 
MC6852 
83 
91 
84 
907 
MC6854 
89 
101 
91 
1,400 
MC68488 
85 
98 
86 
893 
MC68652 
86 
106 
88 
6,442 
MC68653 
3,200 
MC68661 
85 
102 
91 
4,200 
MC68681 
96 
MC68701 
99 
11,267 


HMOS 
MC6801 
95 
96* 
97 
8,533 
MC6801U4 
98 
98 
12,291 
MC6805P2 
88 
106 
95 
4,833 
MC6805P4 
88 
106 
95 
5,667 
MC6805R2/U2 
82 
108 
87 
6,430 
MC6805R3/U3 
85 
108 
87 
9,100 
MC6805T2 
88 
106 
95 
5,667 
MC6809/E 
92 
117 
96 
3,000 
MC6829 
92 
117 
96 
3,293 
MC6835 
90 
117 
450 
MC68000 
97 
95* 
12,667 
MC68008 
107 
12,667 
MC68120 
96 
9,644 
MC68230 
101 
2,108 
MC68451 
12,233 
MC68705P3 
88 
8,833 
MC68705R3 
89 
14,433 


CMOS 
MC141000 
71 
72 
2,425 
MC141200 
71 
72 
2,425 
MC146805E2 
71 
72 
4,333 
MC146805F2 
71 
72 
~,633 
MC146805G2 
71 
72 
5,800 
MC146818 
71 
72 
1,675 
MC146823 
71 
72 
867 


NOTES: 
* 
P1astic package 
with molded-in 
heatspreader. 


A42 
Plastic package with Alloy 42 leadframe. 


Cu 
P1astic package 
with copper leadframe. 
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APPENDIX F. 
RELIABILITY AND QUALITY MONITOR PROGRAM 


The Motorola MOS Microprocessor Reliability and Quality Monitor Program is designed to generate 
an ongoing data base of reliability and quality performance for various categories of Microprocessor 
products. The primary purpose of the program is to identify negative trends in the data so that imme- 
diate corrective action can be taken. The program also allows Motorola to develop a large data base 
of reliability and quality results that can be reported quarterly to customers. 
For the reliability monitor tests, each quarter sample group is pulled from major categories of 


product representing a matrix of processing and packaging technologies (see Sample Group chart). 
Product mix, sample availability and equipment capacity may cause the specific sample group pulled 
for a given quarter to vary from the chart shown. Each sample group has a specific set of reliability 
tests associated with it that are appropriate for that product type based on our history for that classi- 
fication. At the end of each quarter, results are reported for all sample groups that have completed 
testing. 
The quality results that are reported are the electrical and visual/mechanical AOQ (Average Out- 


going Quality, given in parts per million defective) for the Microprocessor Division. This data repre- 
sents the summary of results from the QC gate operation performed on every lot during the quarter. 
Electrical AOQ represents any AC, DC, or functional failure at any temperature (each lot is typically 
gated at two temperatures: hot and either room or cold). Visual/mechanical AOQ represents failures 
such as bent leads, incorrect marking, marking permanency problems, and cracked packages. The 
AOQ reported is the product of the process average (ratio of defective devices to largest sample size) 
and the lot acceptance rate. 


Following are brief descriptions of the various reliability tests included in this program: 


High Temperature Operating Life 
High temperature operating life (H.T.O.L.) testing is performed to accelerate failure mechanisms 
which are thermally activated through the application of extreme temperatures and the use of dyna- 
mic operating conditions. The temperature and voltage conditions used in the stress are typically 
125 ° C with a bias level at the maximum data sheet specification limit of 5.5 volts. All devices used 
in HTOL test are sampled directly 
after final electrical test with 
no prior burn-in or other pre- 


screening. Testing is performed per Mil Std 883B, 
Method 1005, 
with all stressing dynamic and 
minimum test duration 1008 hours. Some sample groups will be extended beyond 1008 
hours, 


some run at temperatures higher than 125 ° C, and some at voltages higher than maximum rated vol- 
tage to look for the effects of these variations. 


Device equivalent hours assume the Arrhenius relationship using an activation energy of 1.0 eV to 
extrapolate from the device junction temperature at 125°C 
to the junction temperature at 70°C. 
Failure rates given in FITs are derived using the Chi-Square distribution to a 90% confidence limit. A 
FIT is 1 failure per 109 device hours or 0.0001 %/1 000 Hours. 


Temperature Humidity Bias 


Temperature Humidity Bias (T.H.B.) is an environmental test performed at a temperature of 85°C 
and a relative humidity of 85%. The test is designed to measure the moisture resistance of plastic 
encapsulated circuits. A nominal voltage of 5 volts static bias is applied to the device to create the 
electrolytic 
cells necessary to accelerate corrosion of the metallization. Testing is performed per 
JEDEC Standard 22, Method A101. Most groups are tested to 100 hours with some groups exten- 
ded beyond to look for longer term effects. 


Autoclave 
Autoclave, like T.H.B., is an environmental test which measures device resistance to moisture 
penetration along the leadframe-plastic interface. Conditions employed during the test include 
121°C, 
100% relative humidity, and 15 psig. Corrosion of the die is the expected failure mecha- 
nism. Autoclave is a highly accelerated and destructive test performed per JEDEC Standard 22, 
Method A102. Testing is routinely performed for 144 hours. 


Temperature Cycle 
Temperature cycle testing accelerates the effects of thermal expansion mismatch among the 
different components within a specific packaging system. This test is typically performed per Mil Std 
883B, Method 1010, Condition C (-65°C 
to +1500C), 
or JEDEC Standard 22, Method A104, 
Condition B (- 40 ° C to + 125 ° C). During temperature cycle testing, devices are inserted into a 
cycling system and held at the cold dwell temperature for at least ten minutes. Following this cold 
dwell, the devices are heated to the hot dwell where they remain for another ten minute minimum 
time period. The system employs a circulating air environment to assure rapid stabilization at the spe- 
cified temperature. The dwell at each extreme, plus the two transition times of five minutes each 
(one up to the dwell temperature, another down to the cold dwell temperature), constitute one cycle. 
Test duration is for 1000 cycles with some tests extended to look for longer term effects. 


Thermal Shock 
The objective of thermal shock testing is the same as that for temperature cycle testing 
- 
to 
emphasize differences in expansion coefficients for components of the packaging systems. How- 
ever, thermal shock provides additional stress in that the device is exposed to a sudden change in 
temperature due to the transfer time of ten seconds maximum as well as the increased thermal con- 
ductivity of a liquid ambient. This test is performed per Mil Std 883B, Method 1011, Condition C 
(- 65 ° C to + 150 ° C). Devices are placed in a fluorocarbon bath and cooled to - 65 ° C. After being 
held in the cold chamber for five minutes minimum, the devices are transferred to an adjacent cham- 
ber filled with fluorocarbon at + 150°C for an equivalent time. Two five-minute dwells plus two ten- 
second transitions constitute one cycle. Test duration is normally for 1000 cycles with some tests 
being extended to look for longer term effects. 


Data Retention 


Data retention testing or high temperature storage is performed to measure the stability of pro- 
grammed EPROMand EEPROMdevices during storage at elevated temperatures with no electrical 
stress applied. The devices are exposed to an ambient environment of 150°C 
per Mil Std 883B, 
Method 1008, 
Condition C. An acceleration of charge loss from the storage cell is the expected 
result. All groups are typically tested to 1008 hours. 
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Typical 
Test Performed 
Category 
Product 
Minimum 
Number of 
Name 
Types 
Sample Groups/Qtr 
No. Samples 
(Typ.) 


NMOS 
6800Family 
HTOL 
45 Pes 
Plastic 
3870, 
6800, 
6810 
8 
THB 
34 Pes 
6821,6845, 
Custom 
Autoclave 
22 Pes 
TC/TS 
38 Pes 


HMOS 
6801 
Family 
HTOL 
45 Pes 
Plastic 
6805 
Family 
4 
THB 
34 Pes 


6809 
Family 
Autoclave 
22 Pes 
TC/TS 
38 Pes 


CMOS 
CMOS Family 
HTOL 
45 Pes 
Plastic 
146805E2 
4 
THB 
34 Pes 
146805G2 
Autoclave 
22 Pes 
TC/TS 
38 Pes 


68000 
68000 
HTOL 
45 Pes 


Family 
2 
THB 
36 Pes 


Plastic 
Autoclave 
38 Pes 


(HMOS) 
TC/TS 
38 Pes 


CERDIP 
6800 
Family 
HTOL 
45 Pes 
(NMOS or 
3870, 
6800, 
6810, 
2 
TC/TS 
38 Pes 
HMOS) 
6821,6845,6801, 
6805, 
6809 


Side 
6800 
Family 
TC/TS 
52 Pes 
Braze 
3870,6800,6810 
2 
6821,6845,6810, 
6805, 
6809 


Leadless 
146805E2 
HTOL 
30 Pes 
Chip 
146805G2 
3 
TC/TS 
38 Pes 
Carrier 
CMOS Family 


68000 
68000 
HTOL 
45 Pes 
Family 
2 
Ceramic 
(HMOS) 


EPROM MCU 
68701 
HTOL 
45 Pes 


(NMOS, HMOS 
68705 
2 
TC/TS 
38 Pes 


or CMOS) 
1468705G2 
Data 
Retention 
45 Pes 


APPENDIX G. 
QUALITY PERFORMANCE 


The chart below gives the goals and actuals for the Microprocessor Division Electrical and Visual/ 


Mechanical AOQ (Average Outgoing Quality, given in parts per million defective). This data repre- 
sents the summary of results from the QC gate operations performed on every lot. Electrical AOQ 
represents any AC, DC, or functional failure at any temperature (each lot is typically gated at two 
temperatures: hot, and either room or cold). Visual/Mechanical AOQ represents failures such as bent 
leads, incorrect marking, marking permanency problems, and cracked packages. The AOQ reported 
is the product of the process average (ratio of defective devices to largest sample size) and the lot 
acceptance rate. 


Electrical 
Visual/Mechanical 
AOO (PPM) 
AOO (PPM) 
Goal 
Actual 
Actual 


Total 1979 
3000 
(-) 
4000 
1-) 4500 
Total 1980 
2500 
(-) 
2000 
1-) 2500 
Total 1981 
1500 
1725 
1920 


1st Otr 1982 
1200 
1045 
1408 
2nd Otr 1982 
1000 
868 
1934 
3rd Otr 1982 
800 
492 
1062 
4th Otr 1982 
600 
636 
651 


1st Otr 1983 
500 
326 
405 
2nd Otr 1983 
450 
341 
267 
3rd Otr 1983 
400 
313 
251 


4th Otr 1983 
350 


1st Half 1984 
275 
2nd Half 1984 
275 


1st Half 1985 
175 
2nd Half 1985 
125 


1986 
100 


II 


Data Sheets 
• 


• 


@ MOTOROLA 


COLOR 
TV 
VIDEO 
MODULATOR 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
· .. an 
integrated 
circuit 
used 
to 
generate 
an R F TV 
signal 
from 
basebandcolor-difference and luminance signals. 
The MC1372 contains a chroma subcarrier oscillator, a lead and 
lag network, 
a quasi-quadrature 
suppressed carner 
DSB chroma 
modulator, 
an RF oscillator 
and modulator, 
and an LSTTL com- 
patible clock driver with adjustable duty cycle. 


The MC1372 is a companion part to the MC6847 Video Display 


Generator, 
providing 
and 
accepting 
the 
correct 
de 
interconnection 
levels. This device may also be used as a general-purpose modulator 


with 
a variety 
of video 
signal 
generating 
devices 
such as video 
games, 


test equipment, 
video 
tape 
recorders, 
etc. 
,-""",, 
PLASTICPACKAGE 
CASE646-05 
• 
Single 5.0 Vdc Supply Operation for NMOS 
and TTL Compatibility 


• 
Minimal External Components 


• 
Compatible with MC6847 Video Display Generator 


• 
Sound Carrier Addition 
Capability 


• 
Modulates Channel 3 or 4 Carrier with Encoded Video Signal 


• 
Low 
Power 
Dissipation 


• 
Linear Chroma Modulators for High Versatility 


• 
Composite Video Signal Generation Capability 


• 
Ground-Referenced Video Prevents Overmodulation 
• 


Color 
B 
Input 
Color 
Ref 


Input 


Color 
A 
Input 


Clock 
Output 


Oscillator 
Input 


Duty 
Cycle 
3 


Ad, 


RF 
Modulator 


Output 


Chrominance 


Oscillator 


and 
Clock 


Driver 


7 


Color 
A 
Input 
Color 


Reference 
Input 


Chrominance 
Input 


Luminance 
Input 


Chroma 
Modulator 
Output 


8 
Chroma 
Modulator 


Output 


II 


Rating 
Value 
Unit 


Supply 
Voltage 
8.0 
Vdc 


Operating 
Ambient 
Temperature 
Range 
a to +70 
°c 


Storage 
Temperature 
Range 
-65to+150 
°c 


Junction 
Temperature 
150 
°c 


Power Dissipation, 
Package 
1.25 
Watts 
Derate 
above 
25°C 
13 
mW/oC 


Supply 
Voltage 
5.0 
Vdc 


Lurna 
I nput 
Voltage 
- 
Sync 
Tip 
1.0 
Vdc 


Peak White 
0.35 


Color Reference VOltage 
1.5 
Vdc 


Color 
A. 
B Input 
Voltage 
Range 
1.0 to 2.0 
Vdc 


ELECTRICAL 
CHARACTERISTICS 
IVCC = +5 Vdc. TA 
= 25°C. Test COCCU;!1 unless othe'w"e 
noted) 


Characteristic 
Typ 


Operating 
Supply 
Voltage 
5.0 


Supply 
Current 
25 


CHROMA 
OSCILLATOR/CLOCK 
DRIVER 
(Measured at Pin 1 unless otherWise noted) 


Output 
Voltage 
(VOL) 
- 
- 
04 
Vdc 


1VOH) 
2.4 
- 
- 


Rise Time {Vl - 0.4 to 2.4 Vdcl 
- 
- 
50 
ns 


Fall 
Time 
(Vl 
;; 2.4 
to 0.4 
Vdc) 
- 
- 
50 
ns 


Duty Cycle .l\dJustment 
Range IV3 
= 5.0 Vdcl 
70 
- 
30 
% 


(Measured 
at Vl 
;; 1.4 VI 


Inherent 
Duty 
Cycle 
(No 
connection 
to 
Pin 3) 
- 
50 
- 
% 


Input Common Mode Voltage Range (PinS5, 6, 7) 
0.8 
- 
2.3 
Vdc 


Oscillator Feedthrough (Measured at Pin S) 
- 
15 
31 
mV(p·p) 


Modulation Angle (OS(V7 =. 2.0 Vdcl - OSIV5 =. 2.0 Vdcll 
85 
100 
115 
degrees 


Conversion Gain (VB/IV7 
- V61; VSHV5 - V6)) 
- 
0.6 
- 
V(p·pJ/Vdc 


Input Current (Pins 5, 6, 7l 
- 
- 
-20 
"A 


Input Resistance (Pins 5, 6,71 
100 
- 
- 
kH 


Input Capacitance (Pins 5, 6,7) 
-. 
- 
5.0 
pF 


Chroma Modulator 
Linearity 
- 
4.0 
- 
% 


IV5 
= 1.0t02.0V;V7 
= 1.0t02.0V) 


Luma Input DynamiC Range (Pin 9, Test CirCUit 2) 
0 
- 
1.5 
Volts 


RF Output Voltage {f 
=. 67.25 MHz, V9 =. 1.0 VI 
- 
15 
- 
mVrms 


Luma Conversion Gain 
(6V12/uV9; 
V9 =. 0.1 to 1.0 Vdcl Test Circuit 2 
- 
0.8 
- 
V/V 


Chroma ConverSion Gain 
V/V 


luV12/uV10; 
V10 
=. 1.5 Vp-p; V9 
=. 1.0 Vdcl Test Circuit 2 
- 
0.95 
- 


Chroma Linearity 
(Pin 12, V 10 =. 1.5 Vp-p) Test Circuit 2 
- 
1.0 
- 
% 


Luma Linearity 
(Pin 12, V9 
=. 0 to 1.5 Vdc) Test Circuit 2 
- 
2.0 
- 
% 


Input Current (Pin 9) 
- 
- 
-20 
"A 


Input Resistance (Pin 10) 
- 
800 
- 
H 


Input Resistance (Pin 91 
100 
- 
- 
kH 


Input Capacitance (Pins 9,101 
- 
- 
5.0 
pF 


Residual 920 kHz (Measured at Pin 12) See Note 1 
- 
50 
- 
d8 


Output Current (Pin 12, V9 ""0 VI Test Circuit 2 
- 
1.0 
- 
mA 


TEMPERATURE 
CHARACTERISTICS 
(V 
= 5 Vdc. T 


Chroma Oscillator Deviation 
(fo ""3.579545 MHz) 


RF Oscillator Deviation 
(fo ""67.25 MHz) 


Clock Drive Duty Cycle Stability 


NOTE 1. V9; 
1.0 Vdc. Vc 
= 300 mV(p-p) 
@ 3.58 MHz, 


Vs ""250 mV(p-p1 @ 4.5 MHz, Source Impedance"" 75 n. 


5.6 
k 


Va 
Clock 
Output 
.t 


30PF 


Clock 
Vo 


Output 


2 
9-35 


pF 


2 


9 -35 


pF 


II 


Vc 
300 
90 


300 
-= 


Vs 


90 


-= 


E-OV,O 


0.1 
IJF 


• 


11 
J 
2 
, 
9 
'0 
'2 
lJ 
'4 
CC 
I 
,~~~" 


A' 
AJ 
A5 
R'J 
R14 
R'9 
R20 
25 k 
2.5 
k 
4.7 
k 
600 
1.6 k 
JoO 


>z;nQ'6 
~ 


Q12 
Q,3 
Q,4 
Q15 
> 


.f6 


~ 


R,B 
01a 
Q19 


R12 
500 


~4 


Q~ 


20 k 
Q9 


RB 
Q5 
500 
R4 
R6 
R9 
Rl7 
R21 
~A22 


~ 


11k1 


~ 
I"" 


or, 
.• 


~ 


R2 
, 
D1 


R7 
R,O 


M 


R16 
A24 
R25 
A26 
A27 
25 k 
36 k 
'!'. 
a: 
4 


-= 


C3 


J2 


R49 


, •• D2 
750 


M 


R2B 
R3' 
R32 


~~ 
~¥;,r 
~ 
~ A30 
1~2' 
B 
C, 
>---0 
I 
C4 
Q22 


C2 


f.':30 


~44 


M 
Q20 J 
A4J 
A44 
R4B 


>-- 
R37 
R40 


QJ~ 


3.4 k 
3.4 
k 


Q32 
Q3~ 


,it""" 


M 


R3B 
R39 
R42 


Q~t 
Q3' 
1 k 
, k 
037 
1 k 
, k 


T 


QJ4 
QJ6 


R52 
R33 
R34 
R35 
R36 
R45 
R46 
R47 


-= 
5 
6 
7 


Chroma 
Modulator 


Output 


Pin 1 - Clock Output 
Provides a rectangular pulse output 
waveform with 


frequency 
equal 
to 
the 
chrominance 
subcarrier 
oscillator. 


This output is capable of driving one LS-TTL load. 


Pin 2 - Oscillator Input 


Color subcarrier oscillator feedback input. Signal from 
the clock output 
is externally 
phase shifted and ac cou- 


pled to this pin. 


Pin 3 - Duty Cycle Adjust 


A de voltage applied to this pin adjusts the duty cycle 
of the clock output signal. If the pin is left unconnected, 
the duty cycle is approx imately 50%. 


Pin 4 - Ground 


Pin 5 - Color B Input 
Dc coupled 
input 
to 
Chroma Modulator 
B, whose 
phase leads modulator 
A by approximately 
1000 
The 
modulator 
output 
amplitude and polarity 
correspond to 
the 
voltage difference 
between this pin and the Color 
Reference Voltage at Pin 6. 


Pin 6 - Color Reference Input 
The 
de voltage applied 
to 
this 
pin 
establishes the 


reference voltage to which Color A and Color B inputs 


are compared. 


Pin 7 - Color A Input 


Dc coupled 
input 
to 
Chroma Modulator 
A, whose 
phase lags modulator 
B by 
approximately 
1000 
The 
modulator 
output 
amplitude and polarity 
correspond to 
the voltage difference 
between this pin and the Color 
Reference Voltage at Pin 6. 


Pin 8 - Chroma Modulator Output 
Low 
impedance 
(emitter 
follower) 
output 
which 
provides 
the 
vectorial 
sum of 
chroma 
modulators 
A 
and B. 


Pin 9 - 
Luminance Input 
Input to RF modulator. This pin accepts a de coupled 
luminance and sync signal. The amplitude of the RF signal 
output 
increaseswith positive voltage applied to the pin, 
and ground 
potential 
results in zero output 
(i.e., 100% 


modulation). 
A 
signal with 
positive-going sync should 


be used. 


Pin 10 - Chrominance Input 
Input to the RF modulator. This pin accepts ac coupled 
chrominance provided by the Chroma Modulator Output 
(pin 8), The signal is reduced by an internal resistor divider 
before being applied to the RF modulator. 
The resistor 


divider 
consists of a 300 ohm series resistor and a 500 


ohm 
shunt 
resistor. Additional 
gain reduction 
may be 
obtained 
by 
the addition 
of 
external 
series resistance 
to pin 10. 


Pin 11 - VCC 
Positive supply voltage 


Pin 12 - RF Modulator Output 


Common collector of output modulator stage. Output 


impedance and stage gain may be selected by choice of 
resistor connected between this pin and de supply. 


Pins 13 and 14 - 
RF Tank 


A tuned 
circuit 
connected 
between 
these 
pins deter- 


mines 
the 
R F oscillator 
frequency. 
The 
tuned 
circuit 
must 
provide a low de resistance shunt. Applying 
a de offset 


voltage between these pins results in baseband composite 
video at the RF Modulator Output. 


The 
chrominance 
oscillator 
and 
clock 
driver 
consist 
of 
emitter 
follower 
04 
and inverting amplifier 
05. 
Signal 


presented at clock 
driver 
output 
pin 
1 is coupled to 
oscillator input pin 2 through an external RC and crystal 
network, which provides 1800 phase shift at the resonant 
frequency. 
The duty 
cycle of 
the output 
waveform 
is 
determined 
by 
the de component 
at Pin 1 internally 
coupled through 
R12 to the base of 
04. 
As pin 1 de 


voltage 
increases, 
a 
smaller 
portion 
of 
the 
sinusoidal 
feedback signal at pin 2 exceeds the 04 basevoltage of 


two 
times 
VSE 
required 
for 
conduction. 
As 
the 
de 
level 
is reduced, device 04 
and thus 05 
is turned on for a 
longer 
percentage of 
the 
cycle. 
Transistors 
00, 
01, 


02 
and diode 
D1 provide 
the biasing network 
which 
determines the de operating level of the oscillator. The 
transistor 02 and resistors R5, R6, and R7 form a voltage 
reference of four times VBE at the collector of 02. The 
de voltage at pin 1 is determined by the values of R4, 
R8, and R12 and the applied duty cycle adjust voltage 


at 
pin 
3. 
Since 
these 
resistors 
are 
nominally 
equal, 
the 
voltage at pin 1 will always approximate the de voltage 
at pin 3. 


The oscillator signal at pin 1 is internally coupled to 
active filter 044. This filter reducesthe frequency content 
above 4 MHz. The output 
of the filter at ~he emitter of 
044 is ac coupled through C3 to the input of the lead/lag 
network. R32 and Cl provide approximately 500 of phase 
lag, while 
C2 and R29 provide approximately 
500 
of 


phase 
lead. 
These 
two 
quasi-quadrature 
waveforms 
are 
used to switch chroma modulators B and A, respectively. 
The transistors 022 
through 025 
and 032-033 
form 


a doubly 
balanced modulator. 
The input Signal applied 


at pin 5 is compared to the color de reference voltage 
applied at pin 6 in differential 
amplifier 032-033. 
The 
source current provided by transistor 034 
is partitioned 


in transistors 032 
and 033 
according to the differential 


input 
signal. The basesof transistors 023 
and 024 are 
connected to the de reference voltage at the emitter of 
030, The basesof transistors 022 and 025 are connected 


• 


• 


to the phase delayed oscillator signal at the emitter of 
buffer 
transistor 021. 
The differential 
signal currents 


provided 
by 032 
and 033 
are switched in transistors 


022 
through 
025 
and the resultant signal voltage is 


developed across R49. This signal has the phase and 
frequency of the oscillator signal at the emitter of 021. 
The amplitude 
is proportional 
to the differential 
input 


signal applied between pins 5 and 6. Transistors 026 
through 029 and 038-039 
form chroma modulator B. 
This modulator develops a signal voltage which is propor· 
tional 
to 
the differential 
voltage applied between pins 


7 and 6. The phaseand frequency of the output is equal 
to the phase advanced chroma oscillator at the emitter 
of buffer transistor 020. Both chroma modulators A and 
B share the same output 
resistor, R49, so the output 


signal presented at the emitter 
of 042 
(pin 8) is the 
algebraic sum of modulators A and B. 


The 
RF oscillator 
consists of 
differential 
amplifier 
018 
and 019 
cross·coupled through emitter 
followers 
016 and 017. The oscillator will operate at the parallel 
resonant frequency 
of the network 
connected between 
pins 13 and 14. The oscillator output 
is used to switch 
the doubly 
balanced RF modulator, 
09 
through 015. 


Transistors 07 and 08 provide level shifting and a high 
input 
impedance to 
the luminance input 
pin 9. The 
basesof transistors 09 and 010 are both biased through 
resistors R17 and R18, respectively, to 
the same dc 


reference voltage at 06 emitter. The basevoltage at 010 
may only be offset in a negative direction by luminance 
signal 
current 
source 
08. 
This 
design 
insures 
that 
over- 


modulation 
due to the luminance signal will never occur. 


The chrominance signal developed at pin 8 is externally 
ac coupled to 
pin 
10 where it is reduced by resistor 


dividers 
R20 
and 
R17, and added to 
the luminance 
signal in 09. The resultant differential 
composite video 


currents are switched at the appropriate RF frequency 
in 012 through 015. The output signalcurrent is presented 
at pin 12. 


Transistors 036, 041 and resistors R44, R47 provide 


a highly stablevoltage reference for biasingcurrent sources 
043,034,035, 
and 011, 


Chrominance Oscillator 
The oscillator 
is used as a clock signal for driving 


associated external circuitry, 
in addition to providing a 


switching signal for the chroma modulators. The IC uses 
an external crystal in a Colpitts configuration, as shown 
in 
Figure 5. Resistor R1 provides current 
limiting 
to 
reduce the signal swing. Capacitor C2 is adjusted for 
the exact frequency desired (3.579545 MHz). 


In some applications, the duty cycle of the clock signal 
at pin 
1 must be modified to overcome gate delays in 


associated equipment. The duty 
cycle may be adjusted 


by varying the dc voltage applied to pin 3. This adjust· 
ment may be made with 
the use of a potentiometer 


(10 kn) 
between supply and ground. With no connection 


to pin 3, the duty cycle is approximately 50%. 


Chroma Modulator 
The chrominance oscillator is internally phaseshifted 


and applied to chroma modulators A and 8. No external 
lead/lag networks are necessary. The phase relationship 
between the modulators 
is approximately 
1000, which 


was chosen to provide the best rendition of colors using 
equal 
amplitude 
color·difference 
signals. The 
voltage 


applied to pin 5, 6, or 7 must always be within the Input 
Common Mode Voltage Range. Since the amplitude of 


chrominance 
output 
is proportional 
to the voltage dif- 


ference between pins 5 and 6 or 7 and 6, it 
IS desirable 


to select the Color Reference Voltage applied to pin 6 to 
be midway between V5max and V5min (which should 
be V7max and V7minl. 
The Chroma 8 Modulator will be 


defined as a (B·Y) modulator 
if a burst flag signal is 


applied to the Color B Input (pin .5) at the appropnate 
time. This voltage should be negative with respect to the 
Color Reference Voltage, and typically has an amplitude 
equal to 
1I21V6-V5minJ 
Since the phase of burst is 


always defined 
as -(B· YI. 
the 
Chroma A 
Modulator 
approximates an (R·Y) modulator; 
however, the phase 


is offset 
by 100 from the nominal 900, to provide the 


1000 phaseshift asdiscussedpreviously. 


RF Modulator and Oscillator 
The coil and capacitor connected between pins 13 and 


14 should be selected to have a parallel resonanceat the 
carrier frequency of the desired TV channel. The values 
of 56 pF and 0.1 pH shown in Figure 5 were chosen 
for 
a Channel 4 carrier frequency of 67.25 MHz. For 


Channel 3 
operation, 
the 
resonant frequency 
should 


be 61.25 MHz (C = 75 pF, L = 0.1 pH). Resistors R4 and 
R5 
are chosen to 
provide an adequate amplitude 
of 
switching 
voltage, 
whereas 
R6 is used to lower 
the maxi- 


mum 
dc level of 
switching 
voltage below VCC, thus 


preventing saturation within the IC. 


Composite Luminance and Sync should be dc coupled 


to 
Luminance Input, 
pin 9. This signal must be within 


the 
Lurna 
Input 
Dynamic 
Range 
to 
insure linearity. 


Since an increase in dc voltage applied to pin 9 results 
in an. increase in 
RF output, 
the input 
signal should 


have positive·going sync to generate an NTSC compatible 
signal. As 
long as the 
input 
signal is positive, over· 


modulation is prevented by the integrated circuit. 


Chrominance information 
should be ac coupled to 


Chrominance Input, 
pin 
10. This pin is internally can· 


nected 
to 
a resistor divider 
consisting of 
a series 300 
ohms and a shunt 500 ohms resistor. The input impedance 
is thus 800 ohms, and a coupling capacitor should be 
appropriately chosen. 


MC1372 


Color 
TV 
Video 


Moejulalor 
13 


C4 
56 


9 
14 
R5 
8 
10 
6725 
MHl 
240 
Ch 
4 


C3 
R2 
01 
750 


MC6847 
Video 


olS1p1ay 


(lsner&'tor 


The Luminance to Chrominance ratio (L :C) may be 


modified with the addition of an external resistor in series 
with pin 10 (as shown in Figure 5). The unmodified 
L:C 
(Ao) is determined by the ratio of the respective Conver- 
sion Gain for equal amplitude signals (typically, 
0.883 = 
-1.6 
dB!. 
The modified 
L:C will 
be governed by the 
equation Ao!l 
+ Rext/800) 
for equal amplitude 
input 
signals. 


The 
internal 
chrominance 
modulators 
are not 
inter· 


nally connected to the RF modulator; therefore, the user 
has the 
option 
of 
connecting 
an externally 
generated 
chrominance 
signal to the RF modulator. 
In addition, 


the RF modulator is wideband, and a 4.5 MHz FM audio 
signal may be added to the chrominance input at pin 10. 
This may beaccomplished by selectingan appropriate series 
input 
resistor to 
provide the correct 
Luminance:Sound 
ratio. 


The modulated 
RF signal is presented as a current 
at RF Modulator Output, pin 12. Since this pin represents 
a current source, any load impedance may be selected for 
matching purposes and gain selection, as long as the vol· 


tage at pin 
12 is high enough to prevent the output 
devices from 
reaching saturation 
(approximately 
4.5 
V 
with components in Figure 5), 
The peak current out of 
pin 12 is typically 
2 mA. Hence, a load resistanceof up 
to 250 ohms may be safely usedwith a 5 V supply. 


Composite Video Signal Generation 
The RF modulator may be easily used as a composite 
video 
generator 
by 
replacing 
the 
RF oscillator 
tank 
circuit with a diode as shown in Figure 3. This results in 
the output 
modulator 
being biased so the summation of 


luminance 
and 
chrominance 
appears 
unswitched 
at 
pin 
12. The polarity 
of the output 
waveform is con- 


trolled 
by the direction 
of the diode. Inverted 
video. 


Anode 
to 
pin 
14, cathode 
to 
pin 
13. Non-inverted 


video: 
Anode to pin 13, cathode to pin 14. Note that the 
supply resistor must always be connected to the anode 
of the diode. 


The amplitude of signal may be increasedby increasing 
the load resistor on pin 12 and returning it to a higher 
supply voltage. Any voltage up to the Absolute Maximum 
Rating may be used. 


II 


Applications with MC6847 Video Display Generator 


The MC1372 may be easily interfaced to the MC6847 
as shown in Figure 5. The dc levels generated and required 
by the VDG 
are compatible 
with 
the MC1372, so that 
pins 1, 5, 6, 7, and 9 may be directly 
coupled to the 
appropriate 
MC6847 
pins. Both 
integrated 
circuits 
as 


well as any associated NMOS MPU may be driven from 
a common 5 Vdc supply. 


Recommended Chroma-Luma Signals 
A chroma modulation 
angle of 
1000 was chosen to 


facilitate 
a desirable 
selection 
of 
colors 
with 
a minimum 
number of input signal levels. The following table demon- 
strates applicable signal levels for a variety of colors. 


Pin ;:9 
Pin ::7 
Pin 
J:6 
Pin ~ 


Luminance 


Input 
Color A 
Color 
Ref. 
Color B 
(Vdc) 
(Vdc) 
(Vdc) 
(Vdcl 


Sync 
1.0 
1.5 
1.5 
, .5 


Blanking 
0.75 
1.5 
1.5 
1.5 


Burst 
0.75 
1.5 
1.5 
1.25 


Black 
0.70 
1.5 
1.5 
1.5 


Green 
0.50 
1.0 
1.5 
, .0 


Yellow 
0.38 
1.5 
1.5 
1.0 


Blue 
0.62 
1.5 
1.5 
2.0 


Red 
0.62 
2.0 
1.5 
1.5 


Cyan 
0.50 
1.0 
1.5 
1.5 


Magenta 
0.50 
2.0 
1.5 
2.0 


Orange 
0.50 
2.0 
1.5 
1.0 


Buff 
0.38 
1.5 
1.5 
1.5 


@ MOTOROLA 


QUAD 
GENERAL-PURPOSE 
INTERFACE 
BUS (GPIB) TRANSCEIVERS 


The MC3440A, 
MC3441 A, MC3443A are quad bus transceivers 


intended 
for 
usage in instruments 
and programmable 
calculators 


equipped 
for 
interconnection 
into 
complete 
measurement 
systems. 


These transceivers allow the bidirectional 
flow 
of digital 
data and 


commands 
between 
the 
various 
instruments. 
Each 
of the 
transceiver 


versions 
provides 
four 
open-collector 
drivers 
and 
four 
receivers 


featuring 
input 
hysteresis. 


The MC3440A 
version consists of 
three drivers controlled 
by 
a common 
Enable input and a single driver without 
an Enable input. 


Terminations 
are 
provided 
in the 
device. 


The MC3441 A differs 
in that all four drivers are controlled 
by 


the common 
Enable input. 
Again, the terminations 
are provided. 


The MC3443A is identical to the MC3441 A except that the ter- 


minations 
have been omitted. 
As such it 
is pin compatible, 
and 


functionally 
equivalent to the SN75138. It does offer the advantage 


of receiver 
input 
hysteresis. 


• 
Receiver Input Hysteresis Provides Excellent Noise Rejection 


• 
Open-Collector Driver Outputs Permit Wire-OR Connection 


• 
Tailored to Meet the Standards Set by the IEEE and IEC 
Committees on Instrument Interface (488-1978) 


• 
Terminations provided (except MC3443A version) 


• 
Provides Electrical Compatibility 
with General-Purpose 


Interface Bus 


MAXIMUM 
RATINGS 
ITA 
= 2S0C unless 
otherWise 
noted) 


Rating 
Svmbol 
Value 
Unit 


70 
Vde 


55 
Vdc 


150 
mA 


830 
mW 
67 
mW I)C 


o to 
+ 70 
°c 
-6510 
t 150 
°c 


Power 
Supply 
VOltage 


Input 
VOltage 


Driver 
Output 
Current 


Power 
DISSipation 
(Package 
Limitation) 
Derate above 2SoC 


OperatIng 
Ambient 
Temperature 
Range 


Storage 
Temperature 
Range 


Vcc 
v, 


'olDl 
Po 


Instrument 
A 


(with 
GPIB) 


Programmable 
Calculator 


(with 
GPIB) 


Instrument 


B 


(with 
GPIB) 


MC3440A 
MC3441A 
MC3443A 


QUAD 
INTERFACE 
BUS TRANSCEIVERS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUITS 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648-05 


Output 
and 


Termination 
Gnd 


Bus 
A 


Driver 
Input 
A 


Driver 
Input 
B 


Output 
and 
Termination 


Gnd 


Bus 
A 


Driver 


Input 
B 


Receiver 
Output 
B 


Driver 
Input 
B 


Receiver 
Output 
B 


II 


II 


ELECTRICAL 
CHARACTERISTICS 
IUnless otherwise noted, 4.5 V" 
VCC" 
5.5 V and 0" 
TA" 
70°C, typical values are at 
TA = 25°C. VCC = 5.0 VI 


Input 
Voltage 
- 
High 
Logic State 
VIHCDI 
2.0 
- 
- 
V 


Input 
Voltage 
Low 
LogIC 
State 
V'LlDI 
0.8 
V 


npu! 
Current 
' High 
LogiC 
State 
IIHCDI 
40 
~A 
IVIH 
= 2.4 VI 


I nput 
Current 
- 
Low 
LogiC 
State 
MC3443A 
IILlDI 
- 
- 
-1.6 
mA 
IV'L 
= 0.4 V, VCC = 5.0 V. TA 
= 250CI 
MC3440A, 3441 A 
-0.25 


Inpul 
Cramp 
VOltage 
VIKIDI 
- 
- 
-1.5 
V 


IIIK 
=-12mAI 


Output 
Voltage 
- 
High 
Logic 
State 
(1) 
IMC3440A, 
3441A only) 
VOHIDI 
2.5 
- 
- 
V 
(VIH(E) = 2.4 V or VIL(D) = 08 V} 


Output 
Voltage 
- 
Low 
LogiC 
State 
VOLlDI 
V 


(VIH(Dl 
= 2.0 V, VIL(E) = 0.8 V, IOL(D) = 48 mAl 
- 
- 
0.5 


(VIH(D) = 2.0 V, VIL(El = 0.8 V, IOL(D) = 100 mAl 
- 
- 
0.80 


Output 
Leakage Current - 
MC3443A 
Only 
'OHCDI 
- 
- 
250 
~A 
IVIHIEI 
= 2.0 V or VILlDI 
= 0.8 VI 


Input 
HysteresIs 
- 
400 
580 
- 
mV 


Input 
Threshold 
Voltage 
- 
Low 
to High 
Output 
LogiC 
State 
VILHIRI 
0.8 
0.98 
- 
V 


IV"" 
= 5.0V, 
TA = 250CI 


Input 
Threshold 
Voltage 
- 
High 
to Low 
Output 
LogiC State 
VIHLlRI 
- 
1.56 
2.0 
V 


IVCC = 5.0 V, TA = 250Cl 


Output 
Voltage 
High 
LogiC Siale 
VOHIRI 
2.4 
V 
IVILlRI 
= 08 V. lOHIRI 
= -400~AI 


O•..•tput 
Voltage 
Low LogiC State 
VOLIRI 
- 
0.5 
V 
IVIHIRI 
= 2.0V.IOLIRI 
= 16mAI 


Output 
Short-CirCUli 
Current 
IOSIRI 
-20 
- 
-55 
mA 


(VILlR)::: 
0.8 
VI 
(Only 
one output 
may 
be shorled 
al a time) 


8us Voltage IVILID) 
= 0.8 V) 
V8US 
V 
IIBUS = -12 mAl 
- 
- 
-1.5 


(No Load) 
2.50 
- 
3.70 


Bus Current 
IBUS 
mA 


IVILlDI: 
0.8 V, VBUS;> 
5.0 V) 
0.7 
- 
- 


(VILIDI 
= 0.8 V, VBUS" 
5.5 V) 
- 
- 
2.5 
(VILIDI 
= 0.8 V, VBUS = 0.5 V) 
-1.3 
- 
-3.2 
IVCC = 0, 0" 
VBUS" 
2.75 VI 
(MC3440A, 3441 A only) 
- 
- 
+0.04 


Propagation 
Delay 
Time 
from 
Driver 
Input 
to 
Low 
Logic 
State 
Bus Output 
tPHLIDI 
- 
13 
30 
- 
13 
25 
ns 


Propagation 
Delay 
Time 
from 
Dover 
Input 
to High 
Logic 
State 
Bus Output 
tPLHIDI 
- 
17 
30 
- 
17 
25 
ns 


Propagation 
Delay 
Time 
from 
Enable 
Input 
to 
Low 
Logic 
State 
Bus Output 
tPHLIEI 
25 
40 
25 
32 
ns 


Propagation 
Delay 
Time 
from 
Enabje 
Input 
to High 
Logic 
State 
Bus Output 
tp 
H EI 
25 
40 
- 
25 
32 
ns 


RECEIVER PORTION 


Propagation 
Delay 
Time 
from 
Bus I nput 
to 
High 
Logic 
State 
Receiver 
Output 


Propagation 
Delay 
Time 
from 
Bus 
Input 
to 
Low 
Logic 
State 
Receiver 
Output 


3.0V--- 


Input 
50"" 


OV 


VOH~ 
r-'PLHIRl 
~'PHLIRI 


Output 
1.5 V ~ 
!,.5 
V 
VOL-----,---------~ 


To 
Scope 


(Output) 
+5.0 
V 


30 
V ----.-------- 


En.b~~n~so% 
J_S-O_%--- 


tPC::.! J=-----,-.-S-VC'PHLIEI 


OU~~U~ 
y:.:v 


VOL----· 


T 


VCC~5.0V 
TA = 25°C 


~ 
4.0 
::r 


o 


~ 
20 
~ 
=>o 
6 
> 


II 


• 


8 Line 
Data Bus: 
0101 - 
0108 


5 General 
Interrupt 
Transfer 
Control 
Bus' 


REN 
- 
Remote 
Enable 


SA Q ....:.Service 
Request 


EOI - 
End or Identify 
ATN 
- 
Attention 
I Fe 
- 
Interface 
Clear 


(Always 


Enabled) 


ATN 


3 Data 
Byte 
Transfer 
Control 
Bus 
DAV 
- 
Data 
Valid 
N R F 0 - 
Not 
Ready 
for 
Data 
NDAC 
- 
Not 
Data Accepted 


16 Total 
Signal 
Lines 


} 


To In,"umen" 
Logic 
(Typical) 


® MOTOROLA 


QUAD 
GENERAL-PURPOSE 
INTERFACE 
BUS (GPIB) TRANSCEIVER 


The 
MC3446A 
is a quad 
bus 
transceiver 
intended 
for 
usage 
in 


instruments 
and 
programmable 
calculators 
equipped 
for 
interconnec- 


tion 
into 
complete 
measurement 
systems. 
This 
transceiver 
allows 
the 
bidirectional flow of digital data and commands between the various 


instruments. 
The 
transceiver 
provides 
four 
open-collector 
drivers 
and 


four 
receivers 
featuring 
hysteresis. 


• 
Tailored 
to 
Meet 
the 
IEEE 
Standard 
488-1978 
(Digital 
Interface 


for 
Programmable 
Instrumentation) 
and 
the 
Proposed 
IEC 


Standard 
on 
Instrument 
Interface 


• 
Provides 
Electrical 
Compatibility 
with 
General-Purpose 
Interface 


8us 
(GPIB) 


• 
MOS 
Compatible 
with 
High 
Impedance 
Inputs 


• 
Driver 
Output 
Guaranteed 
Off 
During 
Power 
Up/Power 
Down 


• 
Low 
Power 
- 
Average 
Power 
Supply 
Current 
~ 12 mA 


• 
Terminations 
Provided 


Instrument 
A 
(with GPIB) 


Programmable 


Calculator 
(with 
GPI B) 


Instrument 


B 


(with GPIB) 


QUAD 
INTERFACE 
BUS TRANSCEIVER 


51 LICON 
MONOLITH 
IC 


INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 648-05 


Driver 
Input A 


Enable 
ABC 


• 


II 


R.ting 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
7.0 
Vdc 


I"put Voltage 
VI 
5.5 
Vdc 


Driver 
Output 
Current 
'OlDl 
150 
mA 


Junction 
Temperature 
TJ 
150 
°c 


Operating Ambient 
Temperature Range 
TA 
o to +70 
°c 


Storage 
Temperature 
Range 
Tstg 
-65'0+150 
°c 


ELECTRICAL 
CHARACTERISTICS 


(Unless otherwise 
noted, 
4.5 V" 
VCC';;; 5.5 V and 0" 
TA" 
70°C. 
typical values are at TA:: 
25°C. 
VCC:: 
5.0 VI 


Input 
Voltage 
- 
High 
Logic 
State 
VIHID 
2.0 
- 
- 
V 


Input 
Voltage 
- 
Low 
Logic 
State 
VILlDl 
- 
- 
O.S 
V 


Input 
Current 
- 
High 
Lo~ic 
State 
IIHlDl 
- 
5.0 
40 
~A 
IVIH: 
2.4 VI 


Input 
Current 
- 
Low 
Logic 
State 
IILlDI 
- 
-0.2 
-0.25 
mA 
IVIL: 
0.4 V. VCC: 
5.0 V. TA: 
250CI 


Input 
Clamp 
Voltage 
VIKlDl 
- 
- 
-1.5 
V 
IIIK: 
-12mAI 


Output 
Voltage 
- 
High 
Logic 
State 
(1) 
VOHIDI 
2.5 
3.3 
3.7 
V 
IVIHISI: 
2.4 V or VIHIDI 
= 2.0 VI 


Output 
Voltage 
- 
Low 
Logic 
State 
VOLIDI 
- 
- 
0.5 


IVILISI 
= O.SV. VILlDI: 
O.SV. 10LIDI 
= 4S mAl 


Input 
Breakdown 
Current 
IISIDI 
- 
- 
1.0 
mA 
IVIIDI 
= 5.5 VI 


Input 
Hysteresis 
- 
400 
625 
- 
mV 


Input 
Threshold 
Voltage 
- 
Low 
to 
High 
Output 
Logic 
State 
VILHIRI 
- 
1.66 
2.0 
V 


Input 
Threshold 
Voltage 
- 
High 
to Low 
Output 
Logic 
State 
VIHLlRI 
O.S 
1.03 
- 
V 


Output 
Voltage 
- 
High 
LogiC 
State 
VOHIRI 
2.4 
- 
- 
V 
IVIHIRI: 
2.0 V.IOHIRI: 
-400~AI 


Output 
Voltage 
- 
Low 
Logic 
State 
VOLIRI 
- 
- 
0.5 
V 


IVILIRI 
=O.SV.IOLIRI 
:S.OmAI 


Output 
Short-ClrCUlt 
Current 
10SIRI 
4.0 
- 
14 
mA 


(VIH(R) 
= 2.0 
VI 
(Only 
one 
oUlput 
may 
be shorted 
at a time) 


8us 
Voltage 
IVIHIEI 
- 2.4 VI 
VIBUSI 
2.5 
33 
3.7 
V 
IISUS = -12 mAl 
- 
- 
-1.5 


8us 
Current 
IVIHIOI= 2.4 v. VSUS",5.0 VI 
I,SUSI 
0.7 
- 
- 
mA 
IVIHIDI 
= 2.4 V, VSUS = 0.5 VI 
-1.3 
- 
-3.2 


IVSUS" 
5.5 VI 
- 
- 
2.5 
I 
(VCC = 0.0 V " VSUS " 2.75 VI 
- 
- 
0.04 


TOTAL DEVICE POWERCONSUMPTION 


Power 
Supply 
Current 


(All 
Drivers 
OFF) 


(All 
Drivers 
ON) 


Propagation 
Delay 
Time 
from 
Driver 
Input 
to 
Low 
Logic 
State 
8us 
Output 
'PHLIDI 
- 
- 
50 
ns 


Propagation 
Delay 
Time 
from 
Driver 
Input 
to 
High 
Logic 
State 
Bus Output 
'PLHIDI 
- 
- 
40 
ns 


Propagation 
Delay 
Time 
from 
Enable 
Input 
to 
Low 
Logic 
State 
Bus Output 
'PHLIEJ 
- 
- 
50 
ns 


Propagation 
Delay 
Time 
from 
Enable 
Input 
to High 
Logic 
State 
Bus Output 
'PLHIEI 
- 
- 
50 
ns 


Propagation 
Delay 
Time 
from 
Bus 1nput 
to High 
Logic 
State 
Receiver 
Output 


Propagation 
Delay 
Time 
from 
Bus Input 
to Low 
Logic 
State 
Receiver 
Output 


To Scope 


(Output) 
+5.0 V 


I 


50PF 


tpLHIOI 
r-- 


VOH -----11-------- 


Output 
T1 5 V 
VOL----" 


5.0 


~ 


4.0 


~ 
'" 
3.0 
~ 
>~ 10 
"~~" 
0 
6 
1.0 
> 


- 
VCC~150V 


TA: 
25°C 


I 


60 


40 


;; 
10 


.§~ 
z 


10 
~" 
40 
" 
-60 
~ -80 


10 


12 


I 


I 
::::::::: 
- 
~ 
I 


( 


- 


I 


Non·ShadedArea 
- 


Conl~f~~ 
~~~~r:raPh_ 


Standard 488·1918 
, _ 
II 
-I 
I 
1 
I 


II 
I 
I 
I 


• 


II 


@ MOTOROLA 


BIOI RECTIONAl 
INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 


This 
bidirectional 
bus 
transceiver 
is 
intended 
as t~e 
interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1978, often referred to as GPIB). The required bus termi- 


nation 
is internally 
provided. 


Low power consumption hasbeen achieved by trading a minimum 


of 
speed for 
low 
current 
drain on non-critical 
channels. A fast 
channel is provided for critical ATN and EOI paths. 


Each 
driver/receiver 
pair 
forms 
the 
complete 
interface 
between 
the bus and an instrument. 
Either the driver or the receiver of each 
channel is enabled by a Send/Receive input with the disabled output 
of the pair forced to a high impedance state. The receivers have 


input 
hysteresis 
to 
improve 
noise 
margin, 
and 
their 
input 
loading 
follows the bus standard specifications. 


• 
Low Power - Average Power Supply Current = 30 mA Listening 
75 mA Talking 


• 
Eight Driver/Receiver Pairs 


• 
Three-State Outputs 


• 
High Impedance Inputs 


• 
Receiver Hysteresis - 600 mV (Typ) 


• 
Fast Propagation Times - 
15-20 
ns (Typ) 


• 
TTL Compatible R~ceiver Outputs 


• 
Single +5 Volt Supply 


• 
Open Collector Driver Output with Terminations 


• 
Power Up/Power Down Protection (No Invalid 


Information 
Transmitted to Bus) 


• 
No Bus Loading When Power is Removed From Device 


• 
Required Termination 
Characteristics Provided 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
7.0 
Vdc 


Input 
Voltage 
VI 
5.5 
Vdc 


Driver 
Output 
Current 
10101 
150 
mA 


Junction 
Temperature 
TJ 
150 
°c 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +70 
°c 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


Instrument 


A 


(With 
GPIB) 


Programmable 


Calculator 


(With 
GPIB) 
Instrument 


B 
(With 
GPIB) 


OCTAL 
BIDIRECTIONAL 
BUS TRANSCEIVER 
WITH 


TERMINATION 
NETWORKS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


L SUFFIX 


CERAMICPACKAGE 
CASE623-05 


P3SUFFIX 
~ 


PLASTICPACKAGE ~ll'lll'l 
',1 
{1n((l'll'r 
CAS6724-02 


vcc 


-'f-<) Bus - 
Indicates ~u,FJ ~ 
Te,m,n.uon, 


Gnd 


ELECTRICAL 
CHARACTERISTICS 


(Unless otherwise 
noted 
4.50 
Vfi;. VCC 
C;;; 5.50 V and a C;;; TA" 
70oe; typical 
values are at TA = 25°C. 
VCC = 5.0 VI 


Characteristic 
- 
Not8 2 
Symbol 
Min 
Typ 
Max 
Unit 


Bus Voltage 
V 


IBus P;n OpenIlVIIS/RI" 
0.8 VI 
VIBusl 
2.5 
- 
3.7 


IIIBus)" 
-12 
mAl 
VICIBusl 
- 
- 
-1.5 


Bus Current 
IIBusl 
mA 


15.0 V •• VIBus) 
•• 5.5 V) 
0.7 
- 
2.5 


IVIBusl" 
0.5 VI 
-1.3 
- 
-3.2 
IVCC" 
0 V. 0 v •• VIBusl 
•• 2.75 VI 
- 
- 
+0.04 


Receiver 
Input 
Hysteresis 
- 
400 
600 
- 
mV 


IVIlS/FlI" 
0.8 VI 


Receiver Input Threshold 
V 


IVIIS/I'll" 
0.8 VI 
Low 
to 
High 
VILHIAI 
- 
1.6 
2.0 


High to Low 
VIHLlAI 
0.8 
1.0 
- 


Receiver 
Output 
Voltage 
- 
High Logic State 
VOHIAI 
2.4 
- 
- 
V 


IVIIS/RI" 
0.8 V. IOHIAI" 
-200 
~A. 
VIBus)" 
2.0 VI 


Receiver 
Output 
Voltage 
- 
Low Logic State 
VOLIAI 
- 
- 
0.5 
V 


IV IIs/I'l I "0.8 
V. IOLlAI" 
4.0 mA.IVIBusl" 
0.8 V 


Receiver 
Output 
Short 
Circuit 
Current 
IOSIAI 
-4.0 
- 
-20 
mA 


IVIISIi'l)" 
0.8 V. VIBusl" 
2.0 VI 


Driver 
Input 
Voltage 
- 
High 
Logic 
State 
VIHIDI 
2.0 
- 
- 
V 


IVIIS/RI 
"2.0 
VI 


Driver Input Voltage - 
Low Logic State 
VILID) 
- 
- 
0.8 
V 


IVIIS/l'il" 
2.0 VI 


Driver Input Current - 
Data Pins 
uA 
IVIISIf1I" 
2.0 VI 
10.5 •• VIIDI" 
2.7 VI 
IIIDI 
-100 
- 
40 


IVIID)" 
5.5 VI 
!IBIDI 
-- 
- 
200 


Input 
Current 
- 
Send/Receive 
uA 


10.5" 
VIIS/AI" 
2.7 VI 
IIIS/Rl 
-250 
- 
20 


IVIIS/RI 
"5.5 
VI 
IIBIS/RI 
- 
- 
100 


Driver Input Clamp Voltage 
VICIDI 
- 
-1.5 
V 


IVIIS/I'i)" 
2.0 V.IICIDI" 
-18 mAl 


Driver Output 
Voltage - 
High Logic State 
VOHIDI 
2.5 
- 
V 


IVIS/l'il" 
2.0 V. VIHIDI" 
2.0 VI 


Driver Output 
Voltage - 
Low Logic State (Note 1) 
VOLIDI 
- 
- 
0.5 
V 


IVIISml" 
2.0 V. 
VILlDI" 
0.8 v. IOLlDI" 
48 mAl 


Power Supply Current 
mA 
(Listening Mode - 
All Receivers On) 
ICCL 
- 
30 
45 
(Talking Mode - 
All Drivers On) 
ICCH 
- 
75 
95 


Propagation Delay of Driver 
ns 
(Output 
Low to High) 
tpLHIDI 
- 
7.0 
15 


(Output .High to Low) 
tpHLIDI 
- 
16 
30 


Propagation Delay of Receiver (Channels 0 to 5, 7) 
ns 


(Output 
Low to High) 
tPLHIA) 
- 
28 
50 


(Output 
High to Low) 
tpHLIA) 
- 
15 
30 


Propagation Delay of Receiver (Channel 6, Note 3) 
ns 


(Output 
Low to High) 
lpLHIAI 
- 
17 
30 
(Output 
High to Low) 
tPHLIAI 
- 
12 
22 


NOTES: 
1. The IEEE 488-1978 Bus Standard changes VOLlD) 
from 0.4 to 0.5 V maximum to permit the use of Schottky 
technology. 


2. 
Specified test conditions 
for VI(S/R) 
are 0.8 V (Low) and 2.0 V (High). Where VI(S/R) 
is specified as a test condition, 
VHS/R) 
usesthe opposite logic levels. 


3. 
In order to meet the IEEE 488-1978 
standard for 
total 
system delay on the ATN and EOI channels, a fast receiver has been 
provided on Channel 6 (pins 9 and 16). 


•• 


• 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation Delay Time - Send/Receiver to Data 
n, 


Logic 
High 
to Third 
State 
'PHZ(RI 
- 
15 
30 


Third 
State 
to Logic High 
tPZHIRI 
- 
15 
30 


Logic Low to Third State 
tPLZIRI 
-- 
15 
25 


Third State to Logic Low 
tPZLIRI 
_. 
10 
25 


Propagation 
Delay 
Time 
- 
Send/Receiver 
to Bus 
n, 


Logic Low to Third State 
tPLZIDI 
- 
13 
25 
Third State to Logic Low 
'PZLIDI 
- 
30 
50 


Js::30V 
1.5 V 


tPHL~R~ 


----VOH 


1.5 V 


1.0 MHz 


tTLH 
tTHL' 
5.0 ns (10 
901 


DulY 
Cycle 
50"0 


CL' 


J15PF 


To Scope 
(Output) 
3.0 V 
Sendl 


Rec 


OV 
E 


tPHLIDI 


------ 
••••••,- 
--- 
VOH 


0.8 V 


. 
VOL 
CL' 130 pF 


f'= 
1.0 MHz 


tTlH 
= tTHL" 
5.0 
ns (10 
·90) 


Dutv 
Cycle 
= 50% 


3.0 
V 


CL" 
30 pF (Includes Jjg and 
Probe 
Capacitance 


f 
= 1.0 MHz 


tTLH 
= tTHL =" 
5.0 os (10-90) 


DutY 
Cycle 
= 50% 


I 
I 
I - 
I--==- 
I -- 
I 


Non·Shaded 
Area 
- 
Conforms 
to 


Paragraph 3·5.3 of - 
IEEE Standard 
- 
488·1978 


VCC 
0 5.0 V 
- 
I 
I 


;< 
E 
.... 


~ 
-2.0 


~ 
-4.0 


~ 
-6.0 


~ 
-8.0 


-10 


-12 


-14 
-4.0 


(:) 
3.0 
~ 
o> 
~ 
2.0 
.... 
::> 
0.• 


~ 
1.0 


-2.0 
0 
2.0 


VBUS. 
BUS VOLTAGE 
(VOLTS) 


0.5 
1.0 
1.5 


V,. 
INPUT 
VOLTAGE 
(VOLTS) 


, 0 


0 


0 


0 


0 
0 


0 
0 
0 
0 
0 
0 


0 


0 


0 


DAV 


DAC 


RFD 


0 
0 


MC68488 
0 
o 


• 


T/A 
1 
D80 


,...------, 


T/A 
2 
I 


2 MC3447s 
1 
D87 


1 


DAV 
1 
DAV 
A/W 


RS0 
0101 
180 


RS2 
I 


0103 
iB2 


0105 
184 


IRQ 


0107 
186 


NDAC 
DAC 


en 
:J 
'" 
Eol 
EaT 
., 
•... 
'"ex. 
IFC 
IFe 
., 
'" 
MC68488 
w 
w 
r-------~ 
GPIA 
~ 


SRo 
I 
1 


SRQ 


0102 
181 


0104 
183 


0106 
185 


0108 
iB7 


NAFO 
RFD 


ATN 
ATN 


REN 
REN 


1 
L______ 
...J 


Trig 


-=- 


00 


D7 


R!W 


MC6802 


A0 
0' 
MC68DD 


MPU 


A15 


IRo 


NOTE 1: Although 
the 
MC3447 
transceivers 


are 
non-inverting, 
the 
488·1978 
bus 
callouts 


appear 
inverted 
with 
respect 
to 
the 
MC68488 


pin 
designations. 
This 
is because the 488·1978 


Standard 
is defined 
for negative 
logic, while all 


M6800 
MPU 
components 
make 
use of positive 


logic format. 


MC68488 
MC68488 
Connections 
MC3447 
Pin Designations 
Connections 


A 
B 
A 
B 


T/R 
2 
vcc 
SIR 
(0) 
~ 
vcc 
vcc 
\Ice 


DAV 
SRQ 
Data 0 0 
2 
23 
Bus a 
DAV 
SRQ 


180 
iBi 
Data 1 
3 
22 
Bus 1 
0101 
0102 


iB2 
183 
Data 2 
4 
21 
Bus2 
0103 
0104 


184 
185 
Data 3 
5 
20 
8us 3 
0105 
0106 


186 
187 
Data 4 
6 
Octal 
19 
Bus 4 
0107 
0108 
GPIB 


DAC 
RFD 
Data 5 
7 
Transceiver 
18 
8us 5 
NDAC 
NAFD 


T/R 2 
T/R 
2 
SiR (5) 
8 
17 
SIR (1-4) 
T/R 2 
T/A 
2 


EDI 
ATN 
Data 6 
9 
16 
Bus 6 
EDI 
ATN 


iFC 
REN 
Data 7 
10 
15 
Bus 7 
IFC 
REN 


T/R 
1 
Gnd 
SIR 
(61 
" 
14 
SIR 
(7) 
Gnd 
Gnd 


Gnd 
Gnd 
Logic Gnd 
12 
13 
Bus Gnd 
Goo 
Gnd 


II 


• 


® MOTOROLA 


BIDIRECTIONAL 
INSTRUMENTATION 
BUS (GPIBj TRANSCEIVER 


This 
bidirectional 
bus transceiver is intended 
as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus 
(488-1978. 
often 
referred 
to as GPIB). 
The required 
bus 
termination 
is internally 
provided. 


Each driver/receiver 
pair forms the complete interface between 


the bus and an instrument. 
Either the driver or the receiver of each 
channel is enabled by its corresponding 
Send/Receive input 
with 
the disabled output 
of the pair forced to a high impedance state. An 


additional 
option 
allows the driver 
outputs 
to be operated in an 


open collectod11 
or active pull-up configuration. 
The receivers have 
input 
hysteresis to improve noise margin, and their input loading 
follows the bus standard specifications. 


• 
Four Independent Driver/Receiver Pairs 


• 
Three-State Outputs 


• 
High Impedance Inputs 


• 
Receiver Hysteresis - 600 mV (Typ) 


• 
Fast Propagation Times - 
15-20 
ns (Typ) 


• 
TTL Compatible Receiver Outputs 


• 
Single +5 Volt Supply 


• 
Open Collector Driver Output Option!l) 


• 
Power Up/Power Down Protection 
(No Invalid Information 
Transmitted to Bus) 


• 
No Bus Loading When Power Is Removed From Device 


• 
Required Termination 
Characteristics Provided 


(1) Selection 
of 
the 
"Open 
Collector" 
configuration, 
in 
fact, 
selects 
an open 
collector 
device 


with 
a 
passive 
pull-up 
load/termination 
which 
conforms 
to 
Figure 
7, 
IEEE 
488-1978 
Bus Standard. 
,-, 


MAXIMUM 
RATINGS 
(TA = 25°C unlessotherwisenoted) 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
7.0 
Vdc 


Input 
Voltage 
V, 
5.5 
Vdc 


Driver 
Output 
Current 
loml 
150 
mA 


Junction 
Temperature 
TJ 
150 
°c 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +70 
°c 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


Instrument 


A 
(With 
GPIB) 


Instrument 


B 
(With 
GPIB) 


Programmable 
Calculator 
(With 
GPIB) 


QUAD THREE-STATE 
BUS TRANSCEIVER 
WITH 
TERMINATION 
NETWORKS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


LSUFRX 
CERAMICPACKAGE 
CASE620-02 


P SUFFIX 
PLASTICPACKAGE 


CASE648-05 


Pull-Up 
Enable 


Input 
A-B 


Bus B 


Bus 0 


Pull·Up 


Enable 
Input 
C-O 


Bus 
C 


Send/Aec. 
Enable 
Into. 
Flow 
Comments 


0 
x 
Bu' .....•Data 
, 
1 
Data .....•Bu' 
A<:live Pull Up 
, 
0 
Oala -+ Bu' 
Open Col. 


ELECTRICAL 
CHARACTERISTICS 
(Unless otherwise 
noted 4.75 
V 
.IIi; vec '" 5.25 V and 0 '" T A 
lli; 70De; typical 
values are at TA :: 25°C. 
VCC = 5.0 V) 


Characteristic 
Symbol 
Nlin 
Typ 
Max 
Unit 


Bus Voltage 
V 


IBus Pin openIIVIlS/R) 
= 0.8 V) 
VIBUSI 
2.75 
- 
3.7 


IIIBUSI = -12 mAl 
VICIBUSI 
- 
- 
-1.5 


Bus Current 
IIBUS) 
mA 


15.0 v •• V(BUS) •• 5.5 V) 
0.7 
- 
2.5 


IV IBUS) = 0.5 V I 
-1.3 
- 
-3.2 


IVcc 
= 0 V, 0 v •• VIBUSI •• 2.75 VI 
- 
- 
+0.04 


Receiver 
Input Hysteresis 
- 
400 
600 
- 
mV 


IVIIS/R) 
= 0.8 V) 


Receiver Input Threshold 
V 


IVIIS/R) 
= 0.8 V, low 
to Highl 
VllHIRI 
- 
1.6 
1.8 


(VIlS/R) 
= 0.8 V, High to lowl 
VIHLlRI 
0.8 
1.0 
- 


Receiver Output 
Voltage 
- 
High Logic State 
VoHIRI 
2.7 
V 


IVIlS/R) 
= 0.8 V, 10HIR) = -800 pA, VIBUS) = 2.0 V) 


Receiver Output 
Voltage 
- 
Low Logic State 
VoLiRI 
- 
- 
0.5 
V 


IVIIS/RI 
= 0.8 V, 10LiRI 
= 16 mA, VIBUSI = 0.8 VI 


Receiver Output 
Short Circuit 
Current 
10SIRI 
15 
-75 
mA 


IVIIS/RI 
=0.8 V, VIBUSI = 2.0 VI 


Driver 
Input 
Voltage 
High Logic State 
VIHIOI 
2.0 
V 


IVIIS/R) 
= 2.0 VI 


Driver Input Voltage 
- 
Low Logic State 
VILIOI 
- 
- 
0.8 
V 


(VIIS/RI 
= 2.0 VI 


Driver 
Input 
Current 
Data Pins 
pA 


IVIlS/RI 
= VIIEI 
= 2.0 VI 


10.5 •• VIIOI 
•• 2.7 VI 
11101 
-200 
- 
40 


IVIIO) 
= 5.5 VI 
IIB(OI 
- 
- 
200 


Input 
Current 
- 
Send/Receive 
pA 


10.5 •• VIIS/RI 
•• 2.7 VI 
IIiS/R) 
-100 
- 
20 


IVIIS/RI 
= 5.5 VI 
IIBIS/RI 
- 
- 
100 


Input 
Current 
Enable 
pA 
10.5 •• VIIEI 
•• 2.7 VI 
IIIEI 
-200 
- 
20 


(VIlEI 
= 5.5 VI 
IIBIEI 
- 
- 
100 


Driver Input Clamp Voltage 
VICIO) 
- 
- 
-1.5 
V 


(VIIS/R) 
= 2.0 V, IICIOI = -18 mAl 


Driver Output 
Voltage 
- 
High Logic State 
VoHlD1 
2.5 
- 
- 
V 


(VIIS/R) 
= 2.0 V, VIHIOI 
= 2.0 V, VIHIE) 
= 2.0 V, 10H = -5.2 mAl 


Driver Output 
Voltage 
- 
Low Logic State 
(Note 
1) 
VoLiOI 
- 
- 
0.5 
V 


IVIIS/RI 
= 2.0 V, 10LlO) = 48 mAl 


Output 
Short Circuit 
Current 
10SI01 
30 
-120 
mA 


IVIIS/RI 
= 2.0 V, VIHIOI 
= 2.0 V, VIHIEI 
= 2.0 VI 


Power Supply Current 
mA 
(Listening 
Mode - 
All Receivers On) 
ICCl 
- 
63 
85 
!Talking 
Mode - 
All Drivers On) 
ICCH 
- 
106 
125 


Propagation 
Delay of Driver 
ns 
(Output 
Low to High) 
tPlHIO) 
, - 
- 
15 
(Output 
High to Low) 
tPHLIOI 
- 
- 
17 


Propagation 
Delay of Receiver 
ns 
(Output 
Low to High) 
tplHIRI 
- 
- 
25 
(Output 
High to Low) 
tPHLIRI 
- 
- 
23 


• 


• 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation 
Delay Time - 
Send/Receive 
to Data 
n, 


Logic High to Third State 
tPHZ(RI 
- 
- 
30 


Third State to Logic High 
tPZH(RI 
- 
- 
30 


Logic Low to Third 
State 
tPLZ(R) 
- 
- 
30 
Third State to Logic Low 
tpZLlR) 
- 
- 
30 


Propagation 
Delay Time - 
Send/Receive 
to 8us 
n, 


Logic High to Third 
State 
tpHZ(D) 
- 
- 
30 
Third State to Logic High 
'PZH(D) 
- 
- 
30 
Logic Low to Third State 
tPLZID) 
- 
- 
30 


Third 
State to Logic Low 
tpZLlD) 
- 
- 
30 


Turn-On 
TIme 
- 
Enable to Bus 
n, 


Pull-Up 
Enable to Open Collector 
'POFFIE) 
- 
- 
30 
Open Collector 
to Pull-Up 
Enable 
'PON(E) 
- 
- 
20 


~30V 
1.5 V 


tpH L~ R~ 


----VOH 


1.5 V 


30VL 


To 
Scope 


(Output) 
2.3 V 


Sendl 


Rec 


OV 
E 


'PHLIDI 


------- 
•.- ---VOH 


0.8 V 


VOL 


ZL 


~'3.5 


480 ~ I 
l.' 
V 


To Scope 
(Input) 


Pulse 


Generator 


f:: 
1.0 MHz 


tTLH = tTHL:: 
'" 5 0 ns 110-90) 


Duty Cycle ~ 50% 


f: 
1.0 MHz 


tTLH: 
tTHL: 
~ 5.0 ns (10-901 


Duty 
Cycle: 
50% 


To Scope 
(Input) 


Pulse 


Generator 


VCCo 
5.0V 
~ 4.0--TA"'250C 
o~ 
w 
f.:) 
3.0 
~ 
o> 


~ 
10 


t' 
1.0 


0.5 
1.0 
1.5 


VI, 
INPUT 
VOLTAGE 
(VOLTS) 


f - 
1.0 MHz 


'TLH'" 
tTHL 
'" "" 5.0 ns (10 
90) 


Duty Cycle'" 
50% 


I 
I 
I 
-==-- 
- 
- 
,.- 
I 


Non·Shaded 
Area 
- 
Conlormsio 
Paragraph 3·5.3 of 
- 


IEEE Standard 
488·1978 
- 


VCC 
0 5.0 V 
- 


'j 
I 


;<.s 


>- 
~ 
-2.0 


~ 
-4.0 


~ 
-6.0 


~-8.0 


-10 


-11 


-14 


-4.0 
-~ 
0 
~ 


VBUS, 
BUS VOLTAGE 
(VOLTS) 


• 


II 


T/R 
1 
DBIi 


T/A 
2 
DB7 


EOI 
R/Vii 


RS~ 
SRQ 


RS2 


REN 


IFC 


IRQ 


ATN 


DAC 


RFD 


DAV 


MC68488 
GPIA 


IB~ 


IBl 


.B2 


IB3 


IB4 


IBS 


.B6 


IB7 


Trig 


-= 


EO' 


SRQ 


c 
E 
REN 
~ 
• c,. 
IFC 
"':; 


!{:::: 
• c,. 
"':I: 


DAV 


Df! 


D7 


R/W 


MC6802 


All 
OR 


MC6800 
MPU 


A1S 


IRQ 


NOTE 
1: 
Although 
the 
MC3448A 
transceivers 


are 
non-inverting, 
the 
488·1978 
bus 
callouts 


appear 
inverted 
with 
respect to the MC68488 


pin 
designations. 
This 
is because the 488-1978 


Standard 
is 
defined 
for 
negative 
logic, 
while 


all 
M6800 
MPU 
components 
make 
use 
of 


positive 
logic format. 


NOTE 
2: 
Unless 
proper 
considerations 
are 


provided, 
it 
is recommended 
that 
the pull-up 


enable 
pins 
on 
the 
MC3448As 
be 
grounded, 


selecting 
the open-collector 
mode. 


® MOTOROLA 


The 
MC3870 is a monolithic 
8-bit 
microcomputer 
utilizing 
ion- 
implanted, 
N-channel silicon-gate 
technology 
and advanced circuit 


design techniques. The single-chip MC.3870offers maximum cost effec- 
tiveness in a wide range of control and logic replacement applications. 
• 
Software Compatible with F8 Family 


• 
2048 Byte Mask Programmable ROM 


• 
64 Byte Scratchpad RAM 


• 
32 Bits 14Ports) TTL-Compatible I/O 


• 
Programmable Binary Timer 
Interval Timer Mode 
Pulse Width Measurement Mode 
Event Counter Mode 


• 
External Interrupt 


• 
Crystal, LC. RC, External 


• 
Low Power 1275mW Typ.1 


• 
Single + 5 Volt ± 10% Power Supply 


Temperature 
Under 
Bias 


Storage 
Temperature 


Voltage 
on 
any 
Pin with 
Respect 
to Ground 
(Except open-drain pins and TEST) 


Voltage 
on 
TEST 
with 
Respect 
to 
Ground 


Voltage 
to 
Open·Orain 
P:ns 
with 
Respect 
to Ground 


Power 
Dissipation 


Power 
DiSSipation 
by any 
One 
110 Pin 


Power 
Dissipation 
by 
All 
I/O 
Pins 


Operating 
Temperature 
Oto70°C 
-40 to +85°C 


- 20°C to + 85°C 
- 5Q°C to + 100°C 


-65°C 
to + 150°C 
-65°C 
to + 150°C 


1.5W 


60mW 


600mW 


1.5W 


60mW 


600mW 


• Stresses 
above 
those 
listed 
under" 
Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
dam- 


age 
to the device. 
This 
is a stress 
rating 
only 
and 
functional 
operation 
of the device 
at these 
or 


any 
other 
conditions 
above 
those 
indicated 
in the 
operational 
sections 
of this 
specification 
is 


not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for 
extended 
periods 
may 
af- 


fect 
device 
reliability. 


MOS 
IN-CHANNEL, 
SILICON-GATE 


DEPLETION 
LOAD) 


SINGLE-CHIP 
MICROCONTROLLER 


~ 
CO",," 
CERAMIC 
PACKAGE 


CASE 
715 


~ 


, 
"~~PSUFFIX 


~HIU:~ASTIC 
PACKAGE 


CASE 
711 


S SUFFIX 


CERDIP 
PACKAGE 


CASE 
734 


XTL 
1 


XTL 2 


PD-O 


PD-1 


PO-2 


PO-3 


STROBE 


P4-0 
8 


P4-1 
9 


P4-2 
10 


P4-3 
11 


P4-4 
12 


P4-5 
13 


P4-6 
14 


P4-7 
15 


PD-7 
16 


PO-6 
17 


PO-5 
18 


PO-4 
19 


GND 
20 


VCC 


RESET 


EXTINT 


P1-Q 
m 


P1-2 


P1-3 


PS-O 


P~1 


P~2 


P5-3 


29 
P5-4 


28 
P~5 


27 
P~6 


26 
~7 


25 
P1-7 


24 
P1-6 


23 
Pl-5 


22 
P1-4 


21 
TEST 


• 


XTL1~ 


XTL 
2 
~----- 


ROM 
Address 


Registers 


PO, P, DC, DC 1 


Indirect 


$cratchpad 
Address 


Register 


Signal 
Symbol 
Parameter 
o to 70·C 
- 40° to + 85°C 
Unit 
Notes 
Min 
Max 
Min 
Max 


XTL1 
Time Base Period. all clock modes 
250 
1000 
250 
500 
ns 
XTL2 
to 


texlHI 
External clock pulse width high 
90 
700 
100 
390 
ns 


texlLi 
External clock pulse width low 
'00 
700 
110 
390 
ns 


,p 
t,p 
Internal 
t/J clock 
2tO 
2tO 


WRITE 
tw 
Internal 
WRITE 
Clock 
period 
4t,p 
4t,p 
Short 
Cycle 
6t,p 
6t,p 
Long 
Cycle 


tdl/O 
Output delay from internal WRITE 
clock 
0 
1000 
0 
1200 
ns 
50 pF plus 


I/O 
one TTL load 


tsl/O 
Input setup time to internal WRITE 
clock 
1000 
1200 
ns 


tl/O-s 
Output 
valid to STROBE 
delay 
3t,p 
3t,p 
3t,p 
3t,p 
ns 
I/O 
load= 


STROBE 


-'000 
+ 250 
-1200 
+300 
50 pF + 1 TTL load 


tsL 
STROBE 
low time 
8t,p 
12t,p 
8t,p 
12t,p 
ns 
STROBE 
load ~ 
-250 
+250 
-300 
+300 
50 pF + 3 TTL loads 


tRH 
RESET hold time, 
low 
6t,p 
6t,p 
ns 
+750 
+ 1000 
-- 
power 
power 
RESET 
-- 
supply 
supply 
tRPOC 
RESET hold time, low for power clear 
rise 
rise 
ms 


time +0.1 
time +0.15 


6t,p 
6t,p 
To tngger 


EXT INT 
tEH 
EXT lNT hold time in active and inactive state 
+750 
+1000 
ns 
interruot 


2t,p 
2t,p 
ns 
To trigger timer 


o to 70+C 
-40 
to 
+85°C 
Unit 
Conditions 
Symbol 
Parameter 
Min 
Max 
M,n 
Max 


VCC 
Power 
Supply 
Voltage 
4.5 
5.5 
4.75 
5.25 
V 


V HCX 
External 
Clock 
Input 
High 
Level 
2.4 
VCC 
2.4 
VCC 
V 


VILEX 
External Clock Input Low Level 
-0.3 
0.6 
-0.3 
0.6 
V 


IIHEX 
External Clock Input High Current 
- 
100 
130 
~A 
VIHEX 
240 


IILEX 
External Clock Input Low Current 
- 
-100 
- 
-130 
~A 
VILEX-O.60 


2.0 
VCC 
2.2 
VCC 
V 
Standard 
Pullup 
VIHI/O 
Input 
High 
Level, 
1/0 Pins 
2.0 
13.2 
2.2 
13.2 
V 
Open 
Drain 
III 


V,HR 
Input 
High 
Level, 
RESET 
2.0 
VCC 
2.2 
VCC 
V 


VIHCI 
Input 
High 
Level, 
EXT INT 
2.0 
VCC 
2.2 
VCC 


VIL 
Input Low Level 
-03 
08 
-03 
0.7 
V 
III 


IlL 
Input Low Current, All Pins with Standard 
Pullup Resistor 
- 
-1.6 
- 
-1.9 
mA 
VIN-O.4 
V 


Input Leakage Current, Open Drain Pins. 
- 
+10 
- 
+ 18 
~A 
VIN= 
13.2 V 
IL 
and Inputs wIth No Pullup Resistor 
- 
-5 
- 
-8 
VIN=0.2 
V 


10H 
Output 
High Current PinS with Standard 
Pullup Resistor 
-100 
- 
-90 
- 
~A 
VOH~2.4V 


-1.5 
- 
-1.3 
- 


mA 
VOH-l.5V 


10HDD 
Output 
High Current Direct Drive Pins 
- 
-8.5 
- 
-11 
VOH~0.7 
V 


10HS 
STR08E 
Output 
High 
Current 
-300 
- 
-270 
- 
~A 
VOH=2.4 
V 


10L 
Output 
Low Current 
1.8 
- 
165 
- 
mA 
VOL -0.4 
V 


10LS 
STROBE 
Output 
Low 
Current 
5.0 
- 
4.5 
- 
mA 
VOL -0.4 
V 


Irr 
Power Supply Current 
- 
B5 
- 
110 
mA 
Outputs 
Open 


Po 
Power Dissipation 
- 
400 
- 
525 
mW 
Outputs 
Open 


1. RESET and EXT INT have internal Schmitt triggers giving minimum 0.2 V hysteresis. 


2. Power 
dissipation 
for 1/0 pins is calculated 
by I:IVCC-VILI 
qIILP~I:IVCC-VOHIIPOHP~I:IVOLIlIOLI 


Definitions: 
Error= Indicated time value - 
actual time value 


lpse = t4>x Prescale Value 


Interval Timer Mode: 


Single interval error, free running (Note 31 . 
Cumulative interval error free running (Note 3) 
. 


Error between two Timer reads (Note 2). 
Start Timer to stop Timer error INotes 1,4) 
. 


Start Timer to read Timer error (Notes 1,2) .....•. 
Start TImer to Interrupt request error {Notes 1,31 
Load Timer to Stop Timer error (Note 1) 
. 
Load Timer to read Timer error (Notes 1,21 
. 


Load Timer to interrupt request error (Notes 1,3) 
. 


. 
± Itpsc+ 
1</>1 


. 
+ t</>to- ttpsc+ 
t</>I 
. 
-5t</>to 
-ltpsc+7t</» 


.......... 
-2t</> to -8t</> 


. 
+t</>to -ltpcs+2t</» 


. 
-5t</> ± to-ltpsc+8t</>1 
. 
- 2t</>to -9t</> 


Pulse Width 
Measurement 
Mode: 


Measurement 
accuracy (Note 4) 
. 
Minimum pulse Width of EXT INT pin 
. 


Event Counter Mode: 


Minimum active time of EXT INT pin 
. 


Minimum inactive time of EXT INT pin 
. 


NOTES, 


1. All times which entail loading, 
starting. or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS 
instruction. 


2. All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction. 
3. All times which entail the generation o'f an interrupt request are referenced from the start of the machine cycle in which the appropriate in- 


terrupt request latch is set. Additional 
time may elapse if the interrupt request occurs during a privileged or mu!ticycle instrucllon. 


4. Error may be cumulative 
if operation is repetitively performed. 
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TEMPERATURE TA - 
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j 
.[_'"O_S 
t 
'SL--J 


{ 


ICP B;, 2·0 


EXTINT 


ICP Bit 2 "" , 


• 


Internal 
Write 
Clock 


• Cycle TIming 
Shown 
lor 


4 MHz 
External 
Clock 


STROBE 


(Acllve 
for Port 4 Only) 
Stays Low 


For Two Write 
Cycles 


The time base for the MC3870 may originate from one of 


four sources. The four configurations 
are shown 
in Figure 


12. There is an internal 26 pF capacitor 
between XTL 1 and 
GND and an internal 26 pF capacitor 
between 
XTL 2 and 
GND. Thus, external capacitors are not necessarily required. 
In all external clock modes the external time-base frequency 
is divided by two to form the internal 4>clock. The external 
clock frequency 
is divided by eight during short instruction 


cycles and is divided by twelve during long instruction 
cycles 
as given per instruction 
in the instruction 
set towards the end 
of this data sheet. To get the total instruction 
cycle time, 


divide 
the 
external 
clock 
frequency 
by eight, 
invert 
the 


number, 
then multiply 
by the short number of cycles. Then 


divide the external clock frequency 
by twelve and invert the 
number 
IYx) then multiply 
by the number 
of long cycles. 


Add these two numbers to get the number of microseconds 
per instruction 
for a given clock frequency. 


CRYSTAL 
SELECTION 


The use of a crystal as the time base is highly recommend- 


ed 
as 
lhe 
frequency 
stability 
and 
reproducability 
from 


system-lo-system 
is unsurpassed. 
The 3870 has an internal 
divide-by-two 
to allow 
the use of inexpensive 
and widely 
available TV Color Burst Crystals 13.58 MHz). The following 
crystal parameters are suggested for 3870 applications: 


al Parallel 
Aesonance, 
Fundamental 
Mode 
AT-Cut, 


HC-33/ I' holder 


b) Frequency 
Tolerance 
measured 
with 
18 
pF 
load 
(0.1 % accuracy) 
- 
drive level 10 mW 


cl Shunt capacitance 
ICo) = 7 pF max 


dl Series resistance IAs) 


f= 1 MHz 
As = 550 ohms max 


f = 2 MHz 
Rs= 300 ohms max 


f-3 
MHz 
As= 100 ohms max 
f=3.58 
MHz 
As = 100 ohms max 
1=4 MHz 
As = 100 ohms max 


Minimum 
A = 4 kG 


C~ 26.5 pF ± 2.6 pF+ Cexternal 


...L 
'T' 
Cexternal (optionall 
...L 


Maximum 
Cexternal = 30 pF 
C~ 13pF ± 1.3 pF+ Cexternal 


1 
f=-- 
2" .J[C 


~ 
.. :::~~!m= 
MAXIMUM 
14.5·5.5V,O'C.70'C~r- 


TYPICAL 
(VCC-5V,TA-25'CI 
I 
I 
I 
~INIM~Mt,45-5.~V" O'f·7~'~1 
I I I 
10 
12 
14 
16 
18 
20 
22 


EXTERNAL 
RESISTOR 
IN KllOHMS 


I 


• 


Po-O - Po-7 AND P1-0 - P1-7 


Ports 1 and 2 are 16 lines which can be individually used as 
standard TTL-type 
inputs or latched outputs. 


P4-0 - P4-7 AND P&=O - P!>-7 


Ports 4 and 5 are 16 lines which can be individually used as 
standard, open drain, or direct drive type latched outputs 
or 


inputs. 
Refer to Figure 14 for more information 
on port op- 


tions. 


STROBE 


This output, 
which is normally high, provides a single low 
pulse after valid data is present on port 41P4-0 - P4-71dUring 


an output 
instruction. 


RESET 


This active low input IS used to reset the internal state of 
the microcomputer. 
When allowed to go high, program ex- 


ecution 
begins at SOOO. 


EXTIINT 
This input is an external interrupt. 
Its active state ISsoft- 
ware programmable. 
T'le input is also used in conjunction 
with the timer for pulse width measurement and event coun- 
ting. 


XTL 1 AND XTL 2 
These two inputs interface a crystal 11to 4 MHz), LC net- 


work, 
RC network, 
or an external single-phase clock to the 


microcomputer. 


TEST 


TEST is an input used only in testing the MC3870. For nor- 


mal circuit functionality, 
this pin is left unconnected 
or may 
be grounded. 


Vcc 
This is the power supply input 1+5 V ± 10% I. 


Pin Name 
Description 
Type 
PO-O- PO-7 
I/O Port 0 
Bidirectional 
=-:- 
I/O Port 1 
Bidirectional 
P1-0 - P1-7 


P4-0 - P4-7 
I/O Port 4 
Bidirectional 
~- 
I/O Port 5 
Bidirectional 
P5-0 - P5-7 


STROBE 
Ready Strobe 
Output 


EXT INT 
External Interrupt 
Input 


RESET 
External Reset 
Input 


TEST 
Test Line 
Input 


XTL 1, XTL 2 Time Base 
Input 


VCC,GND 
Power Supply Lines 
Input 


This section describes the basic functional 
elements of the 


MC3870 as shown in the block diagram of Figure 1 A pro- 
gramming 
model is shown in Figure 12. 


MAIN CONTROL LOGIC 


The Instruction 
Register IIR) receives the operation 
code 
lOP codel or the instruction 
to be executed 
from the pro- 


gram ROM via the data bus. During all OP code fetches eight 
bits are latched into the IR. Some instructions 
are completely 


specified by the upper four bits of the OP code. In those in- 
structions 
the lower four bits are an immediate 
register ad- 


dress or an immediate 4-bit operand. 
Once latched Into the 


IR the main control 
logic decodes the instruction 
and pro- 


vides 
the 
necessary 
control 
gating 
signals 
to 
all CIrcuit 
elements. 


ROM ADDRESS 
REGISTERS 


There are four l1-bit 
registers associated with the 2K x 8 
ROM. 
These are the 
Program 
Counter 
IPOl, 
the 
Stack 
Register (PI, the Data Counter IDCI, and the Auxiliary 
Data 
Counter IDClI. 
The Program Counter is used to address in- 
structions 
or immediate operands. P is used to save the con- 
tents of PO during an interrupt 
or subroutine 
call. Thus, 
P 
contains the return address at which processing is to resume 
upon completion 
of the subroutine 
or the interrupt 
routine. 
The Data Counter IDCI is used to address data tables. This 
register is auto-incrementing. 
Of the two data counters only 
DC can access the ROM. 
However, 
the XDC instruction 
allows DC and DCl 
to be exchanged. 
Associated 
with 
the address 
registers 
is an 11-bit Ad- 
der/lncrementer. 
This logic element is used to increment 
PO 
or DC when required and is also used to add displacements 
to POon relative branches or to add the data bus contents to 
DC i" the ADC (Add Data Counter) instruction. 


2048 x 8 ROM 


The 
microcomputer 
program 
and 
data 
constants 
are 
stored 
in the program 
ROM. When 
a ROM access is re- 
quired, the appropriate 
address register IPO or DC) is gated 
onto the ROM address bus and the ROM output ISgated on- 
to the main data bus. The first byte in the ROM is location 
zero. 


SCRATCHPAD 
AND IS 


The scratch pad provides 64 8-bit registers which 
may be 


used as general purpose RAM memory. 
The Indirect Serat- 
chpad Address 
Register IISI is a 6-bit register used to ad- 
dress the 64 registers. All 64 registers may be accessed using 
IS. In addition, 
the lower 
order 
12 registers 
may also be 
directly addressed. 


IS can be visualized as holding two octal digits. This divi- 
sion of IS is important 
since 
a number 
of instructions 
incre- 
ment or decrement only the least-significant 
three bits of IS 
when referencing scratchpad bytes via IS. This makes it easy 
to reference a buffer 
consisting 
of contiguous 
scratch pad 
bytes. 
For example, 
when 
the low order octal 
digit 
is in- 
cremented 
or decremented 
IS is incremented 
from octal 27 
10'27'1 to 0'20' or is decremented 
from 0'20' to 0'27'. 
This 


feature of the IS is very useful in many program sequences. 
All six bits of IS may be loaded at one time or either half may 
be loaded independently. 
Scratchpad 
registers 
9 through 
15 (decimall 
are given 
mnemonic 
names 
IJ, 
H, 
K, and 
01 because 
of 
special 


linkages between these registers and other registers such as 


the Stack Register. These special linkages facilitate the im- 
plementation 
of 
multi-level 
interrupts 
and 
subroutine 
nesting. 
For example, the instruction 
LR K,P stores the 
lower eight bits of the Stack Register into register 13 (K 
lower or KLJand stores the upper three bits of P Into register 
12 (K upper or KUl. 


ARITHMETIC AND LOGIC UNIT (ALUI 


After receiving commands from the main control logic, the 
ALU performs the required arithmetic or logic operations 
(using the data presented on the two input buses) and pro- 
vides the result on the result bus. The arithmetic operations 
that can be performed in the ALU are binary add, decimal ad- 


just. add with carry, decrement, and increment. The logic 
operations that can be performed are AND, OR, EXCLUSIVE 
OR, ",'s" 
complement, 
shift right, and shift left. Besides 
providing the result on the result bus, the ALU also provides 
four signals representing the status of the result. These 
signals, 
stored 
in 
the 
Status 
Register 
(W), 
represent 
CARRY, OVERFLOW, SIGN, and ZERO condition 
of the 
result of the operation. 


ACCUMULATOR (AI 


The Accumulator 
(AI is the principal register for data 
manipulation within the 3870. The A serves as one input to 
the ALU for arithmetic or logical operations. The result of 
ALU operations are stored in the A. 
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9 
9 
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11 
B 
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12 
C 
14 


13 
D 
15 


14 
E 
16 


15 
F 
17 


61 
3D 
75 


62 
3E 
76 


63 
3F 
77 


Main Memory 
Memory 
Dee 
HEX 
H 


0 
0 


R 
I 
I 
a 
I 
I 
M 


~ 


2046 
7FE 


2047 
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THE STATUS 
REGISTER (W) 


The Status Register (also called the W registerl holds five 


status flags as shown in Figure 13. 


Sign 


Carry 


Zero 


Overflow 


Interrupt 
Control 


Bit 


Summary 
of Status Bits 


OVERFLOW = CarrY7 $ CARRY6 


ZERO = ALU7AALU6J\ALU5J\ALU4J\ALU3AALU2A 
Arn1AALUO 


CARRY = CARRY7 


SIGN=ALU7 


INTERRUPT CONTROL BIT (lCB) 


The ICB may be used to allow or disallow Interrupts In the 


MC3870. This bit is not the same as the two interrupt enable 
bits in the Interrupt 
Control Port IICPI. If the ICB is set and 
the MC3870 interrupt 
logic communicates 
an Interrupt 
re- 
quest to the CPU section, the interrupt will be acknowledged 
and processed upon completion 
of the first non-privileged 
in- 
struction. 
If the ICB is cleared an interrupt request will not be 
acknowledged 
or processed until the ICB IS set. 


I/O PORTS 


The 
MC3870 
provides 
four 
complete 
bidirectional 
In- 


put/Output 
ports. These are ports 0, 1,4, and 5. In addition, 
the Interrupt 
Control 
Port is addressed as port 6 and the 
binary timer IS addressed as port 7. An output 
Instruction 
(OUT or OUTS) causes the contents 
of A to be latched Into 
the addressed port. An input Instruction 
(IN or INS) transfers 
the contents of the port to A (port 6 ISan exception which IS 
deSCribed later!. The schematic of an I/O pin and available 
output 
drive options are shown in Figure 14. 


An output 
ready strobe is associated with port 4. This flag 
may be used to signal a peripheral deVice that the M C3870 
has just completed 
an output 
of new data to port 4, The 
strobe provides a single low pulse shortly 
after the output 


operation is completely 
finished, so either edge may be used 
to signal the peripheral. STROBE may also be used as an in- 
put strobe simply by doing a dummy output 
of H '00' strobe 


to port 4 after completing 
the input operation. 


Ports 0 and 1 are Standard 
Output 
type only. 


Ports 4 and 5 may both be any of the three output options (programmable 
bit-by-bnl. 


The STROBE 
output 
IS always configured 
Similar to a Direct Drive Output except that It 1$ capable of driVing 3 TTL loads. 


RESET and EXT INT may have standard 6 kO !typlcall pullup or may have no pullup. These two Inputs have Schmitt trigger inputs 


With 
a minimum of 0.2 
volts 
of 
hysteresIs. 


TIMER AND INTERRUPT CONTROL PORT 


The Timer is an 8-bit binary down counter which is soft- 
ware programmable to operate in one of three modes: the In- 
terval Timer Mode, the Pulse Width Measurement Mode, or 
the Event Counter Mode. As shown in Figure 15, associated 
with the Timer are an 8-bit register called the interrupt con- 
trol port, a programmable prescaler, and an 8-bit modulo-N 
register. A functional logic diagram is shown in Figure 16. 


INTERRUPT CONTROL PORT (PORT 6) 


The desired timer mode, prescale value, starting and stop- 


ping the timer, active level of the EXT INT pin, and local 
enabling or disabling of interrupts are selected by outputting 
the proper bit configuration 
from the Accumulator to the In- 


terrupt Control Port (port 6) with an OUT or OUTS instruc- 
tion. Bits within 
the Interrupt Control Port are defined as 


follows: 
Bit 0 - 
External Interrupt Enable 


Bit 1 - 
Timer Interrupt Enable 


Bit 2 - 
EXT INT Active Level 
Bit 3 - 
Start/Stop 
Timer 


Bit 4 - 
Pulse Width/Interval 
Timer 
Bit 5 - 
+ 2 Prescale 
Bit 6 - 
+ 5 Prescale 
Bit 7 - 
+ 20 Prescale 


A special situation exists when reading the Interrupt Con- 
trol Port (with IN or INS instruction). The Accumulator is not 
loaded with the content of the ICP; instead, Accumulator 
bits 0 through 6 are loaded with "O's" while bit 7 is loaded 
with the logic level being applied to the EXT INT pin, thus 
allowing the status of EXT INT to be determined without the 
necessity of servicing an external interrupt request. When 


reading the Interrupt Control Port (port 6) bit 7 of the Ac- 
cumulator is loaded with the actual logic level being applied 
to the EXT INT pin, regardless of the status of ICP bit 2 (the 
EXT INT Active Level bit); that is, if EXT INT is a + 5 V bit 7 
of the Accumulator is set to a logic "1", 
but if EXT INT is at 
GND then Accumulator 
bit 7 is reset to logic "0". 
This 
capability is useful in establishing a high speed polled hand- 
shake procedure or for using EXT INT as an extra input pin if 
external interrupts are not required and the Timer is used on- 
ly in the Interval Timer Mode. However, if it is desirable to 
read the contents of the ICP then one of the 64 scratchpad 
registers or one byte of RAM may be used to save a copy of 
whatever is written to the ICP. 


The rate at which the timer is clocked in the External Timer 
Mode is determined by the frequency of an internal'" 
clock 
and by the division value selected for the prescaler. (The in- 
ternal '" clock operates at one-half the external time-base fre- 
quency). If ICP bit 5 is set and bits 6 and 7 are cleared, the 
prescaler divides", 
by 2. Likewise, if bit 6 or 7 is individually 
set, the prescaler divides", by 5 or 20 respectively. Combina- 
tions of bits 5,6, and 7 may also be selected. For example, if 
bits 5 and 7 are set while 6 is cleared the prescaler will divide 
by 40. Thus, possible prescaler values are + 2, 
+ 5, 
+ 10, 
+ 20, + 40, + 100, and + 200. 


Any of three conditions 
will cause the prescaler to be 
reset: whenever the timer is stopped by clearing ICP bit 3, 
execution of an output 
instruction 
to Port 7, (the timer is 


assigned port address 71,or on the trailing edge transition of 
the EXT INT pin when in the Pulse Width 
Measurement 
Mode. These last two conditions are explained in more detail 
below. 


External 
Time 
Base 


Interrupt 
Control 


Port 


(Port 
6) 


Timer 


a·Bit Down Counter 


(Port 
7) 


Timer 


Interrupt 
Request 


Latch 


Event Counter 
Mode ......- 
0 
0 


-;'-2 Prescale 
...- 
a 
0 


-;'-5 Preseale 
..- 
0 
1 


-;"10 Prescale 
..- 
0 
1 


-:-20 Prescale 
~ 
, 
0 


-:-40 Prescale 
~ 
1 
0 


-:-10QPrescale 
..-, 
1 


-:-200 Prescale 
......- 
1 
1 


3 
2 
1 
0 _ 
Bit No. 
E 


1 
l- E.terna' 
Interrupt 
Enable 


~ 
Timer 
Interrupt 
Enable 


EXT 
INT 
Active Level 


Start/Stop 
Timer 


External 


Interrupt 
Request 


Latch 


• 


• 


External 


Interrupt 


Input 


• Loads Interrupt 
Vector 
H '020' 
upon 
completion 
of the first nonprivileged 
instruction. 


Acknowledge 
Timer 


Interrupt 


t Loads Interrupt 
Vector 
H 'OAO' upon 
completion 
of the first nonprivileged 
instruction. 


Acknowledg. 
External 
Interrupt 


An OUT or OUTS instruction to Port 7 will load the con- 
tent of the Accumulator 
to both the Timer and the B-bit 
modulo-N 
register, 
reset 
the 
prescaler, 
and 
clear 
any 
previously 
stored 
timer 
interrupt 
request. 
As previously 
noted, the Timer is an B-bit down counter which is clocked 
by the prescaler in the Interval Timer mode and in the Pulse 
Width Measurement Mode. The prescaler is not used in the 
Event Counter 
Mode. The modulo-N 
register is a buffer 
whose function is to save the value which was most recently 
outputted 
to Port 7. The modulo-N 
register is used in all 
three timer modes. 


Interval Timer Mode - 
When ICP bit 4 is cleared (logic 01 
and at least one prescale bit is set, the Timer operates in the 
Interval Timer Mode. when bit 3 of the ICP is set the Timer 
will start counting 
down from the modulo-N value. After 
counting down to H '01', the Timer returns to the modulo-N 
value at the next count. On the transition from H 'Ol'to 
H 'N' 
the Timer sets a timer interrut request latch. Note that the in- 
terrupt request latch is set by the transition to H 'N' and not 
be the presence of H 'N' in the timer, thus allowing a full 256 
counts if the modulo-N register is preset to H '00'. If bit 1 of 
the ICP is set, the interrupt request is passed on to the CPU 
section of the MC3870. However, if bitl 
of the ICP is a logic 
o the interrupt request is not passed on to the CPU section 
but the interrupt 
request latch remains set. If ICP bit 1 is 
subsequently set, the interrupt request will then be passed 
on to the CPU section. (Recall from the discussion of the 
Status Register's Interrupt Control Bit that the interrupt re- 
quest will be acknowledged by the CPU section only if ICB is 
set.! Only two events can reset the timer interrupt request 
latch: when the timer interrupt request latch is acknowledg- 
ed by the CPU section, or when a new load of the modulo-N 
register is performed. 


Consider an example in which the modulo-N register is 
loaded with H '64' (decimal 1001.The timer interrupt request 
latch will be set at the l00th count following the timer start 
and the timer interrupt request latch will repeatedly be set on 
precise 100 counter intervals. If the prescaler is set at + 40 
the timer interrupt request latch will be set every 4000 '" clock 
periods. For a 2 MHz'" 
clock (4 MHz time-base frequencyl 
this will produce 2 millisecond intervals. 
The range of possible intervals is from 2 to 51,200 '" clock 
periods 11/,s to 25.6 ms for a 2 MHz c1ockl. However, ap- 
~oximately 
50 '" periods is a practical minimum because the 
time between setting the interrupt request latch and the ex- 
ecution of the first instruction of the interrupt service routine 
is at least 29 '" periods (the response time is dependent upon 
how many privileged instructions are encountered when the 
request occurs); 29 is based on the timer interrupt occuring 
at the beginning of a non-privileged short instruction. 
To 
establish time intervals greater than 51,200 '" clock periods is 
a simple matter of using the timer interrupt service routine to 
count the number of interrupts, saving the result in one or 
more of the scratch pad registers until the desired interval is 
achieved. With this technique virtually any time interval, or 
several time intervals, may be generated. 
The Timer may be read at any time and in any mode using 
an input instruction IIN 7 or INS 7) and may take place "on 
the fly" 
without 
interfering 
with 
normal timer operation. 


Also, the Timer may be stopped at any time by clearing bit 3 
of the ICP. The Timer will 
hold its current contents 
in- 


definitely and will resume counting when bit 3 is again set. 
Recall however that the prescaler is reset whenever 
the 


Timer is stopped; thus a series of starting and stopping will 
result in a cumulative truncation error. 
A summary of other timer errors is given in the timing sec- 
tion of their specification. For a free running timer in the In- 
terval Timer Mode the time interval between any two inter- 
rupt requests may be in error by ± 6 '" clock periods although 
the 
cumulative 
error 
over 
many 
intervals 
is zero. 
The 


pr"scaler and Timer generate precise intervals for setting the 
timer interrupt request latch but the time out may occur at 
any time within 
a machine cycle. IThere are two types of 
machine cycles; short cycles which 
consist of 4 '" clock 


periods and long cycles which consist of 6 '" clock periods. I 
Interrupt 
requests 
are 
synchronized 
with 
the 
internal 


machine clock thus, giving ,ise to the possible ± 6 '" error. 
Additional errors may arise due to the interrupt request oc- 
curing while a privileged instruction or multicycle instruction 
is being executed. Nevertheless, for most applications all of 
the above errors are neglibible, especially if the desired time 
interval is greater than 1 ms. 


Pulse Width Measurement Mode - 
When ICP bit 4 is set 
(logic 
11 and at least one prescale bit is set, the Timer 
operates in the Pulse Width Measurement Mode. This mode 
is used for accurately measuring the duration of a pulse ap- 
plied to the EXT INT pin. The Time, is stopped and the 
prescaler is reset whenever EXT INT is at its inactive level. 
The active level of EXT INT is defined by ICP bit 2; if cleared, 
EXT INT is active low; if set, EXT INT is active high. If ICP bit 
3 is set, the prescaler and Timer will start counting when EXT 
INT transitions to the active level. When EXT INT returns to 
the inactive level the Timer then stops, the prescaler resets, 
and if ICP bic 0 is set an external interrupt request latch is set. 
IUnlike timer interrupts, external interrupts are not latched if 
the ICP Interrupt Enable bit is not set.! 


As in the Interval Timer Mode, the Timer may be read at 
any time, may be stopped at any time by clearing ICP bit 3, 
the prescaler and ICP bit 1 function as previously described, 
and the Timer still functions as an B-bit binary down counter 
with 
the timer 
interrupt 
request latch 
being set on the 


Timer's transition from H '01' to H 'N'. Note that the EXT 
INT pin has nothing to do with loading the Timer; its action is 
that of automatically starting and stopping the Timer and of 
generating external interrupts. Pulse widths longer than the 
prescale value times the modulo-N value are eaSilymeasured 
by using the timer interrupt 
service routine 
to store the 
number 
of 
timer 
interrupts 
in one 
or 
more scratch pad 
registers. 


As for accuracy, 
the actual pulse duration 
is typically 
slightly longer than the measured value because the status of 
the prescaler is not readable and is reset when the Timer is 
stopped. Thus, for maximum accuracy, it is advisable to use 
a small division setting for the prescaler. 


Event Counter Mode - 
When ICP bit 4 is cleared and all 
prescale bits IICP bits 5, 6, and 71 are cleared, the Timer 
operates in the Event Counter Mode. This mode is used for 
counting pulses applied to the EXT INT pin. If ICP bit3 is set, 
the Timer will decrement on each transition from the inactive 
level to the active level of the EXT INT pin. The prescaler is 
not used in this mode; but as in the other two timer modes, 


• 


• 


the Timer may be read at any time, may be stopped at any 
time by clearing ICP bit 3, ICP bit 1 functions 
previously 
described, and the timer interrupt request latch is set on the 
Timer's transition from H '01' to H 'N'. 
Normally ICP bit 0 should be kept cleared in the Event 
Counter 
Mode; 
otherwise, 
external 
interrupts 
will 
be 
generated on the transition from the inactive level to the ac- 
tive level of the EXT INT pin. 
For the Event Counter Mode, the minimum pulse width re- 
quired on EXT INT is 2 4>clock periods and the minimum in- 
active time is 2 4>clock periods; therefore, 
the maximum 


repetition rate is 500 kHz. 


External Interrupts 
- 
When the timer is in the Interval 
Timer 
Mode the EXT INT pin is available for non-timer 
related interrupts. If ICP bit 0 is set, an external interrupt re- 
quest latch is set when there is a transition from the inactive 
level to the active level of EXT INT. (EXT INT is an edge- 
triggered input.) The interrupt request is latched until either 
acknowledged by the CPU section or until ICP bit 0 is cleared 
(unlike timer interrupt requests which remain latched even 
when ICP bit 1 is clearedl. External interrupts are handled in 
the same fashion when the Timer is in the Pulse Width 
Measurement Mode or in the Event Counter Mode, except 
that only in the Pulse Width Measurement Mode the external 
interrupt request latch is set on the trailing edge of EXT INT; 
that is, on the transition from the active level to the inactive 
level. 


INTERRUPT HANDLING 


When either a timer or an external interrupt 
request is 
communicated to the CPU section of the MC3870, it will be 
- acknowledged and processed at the completion of the first 
non-privileged instruction if the Interrupt Control Bit of the 
Status Register is set. If the Interrupt Control Bit is not set, 
the interrupt request will continue until either the Interrupt 
Control Bit is set and the CPU section acknowledges the in- 
terrupt or until the interrupt request is cleared as previously 
described. 


If there is both a timer interrupt request and an external in- 


terrupt request when the CPU section starts to process the 
requests, the timer interrupt is handled first. 
When an interrupt is allowed the CPU section will request 
that the interrupting 
element pass its Interrupt vector ad- 
dress to the Program Counter via the data bus. The vector 


address for a timer interrupt is H '020'. The vector address 
for external interrupts is H 'OAO'. After the vector address is 
passed to the Program Counter, the CPU section sends an 
acknowledge signal to the appropriate interrupt request latch 
which clears that latch. The execution of the interrupt ser- 
vice routine will then commence. The return address of the 
original program is automatically saved in the Stack Register, 
P. 


The 
Interrupt 
Control 
Bit 
of 
W 
(Status 
Register! 
is 
automatically reset when an interrupt request is acknowledg- 
ed. It is then the programmer's responsibility to determine 
when ICB will again be set (by executing an EI instructionl. 


This 
action 
prevents 
an interrupt 
service 
routine 
from 
being 
interrupted unless the programmer so desires. 


Figure 17 details the interrupt 
sequence which 
occurs 
whether the interrupt request is from an external source via 
EXT INT or from the MC3870's internal timer. Events are 
labeled with 
the letters A through 
G and are described 
below. 


Event A - 
An interrupt request must satisfy a hold time 
requirement as specified in the AC Characteristics in order to 
guarantee that it is valid on the rising edge of the WRITE 
clock. 


Event B - 
Event B represents the instruction 
being ex- 


ecuted when the interrupt occurs. The last cycle of B is nor- 
mally the instruction fetch for the next cycle. However, if B is 
not" 
privileged instruction and the CPU's Interrupt Control 
Bit is set, then the last cycle becomes a "freeze" cycle rather 
than a fetch. At the end of the freeze cycle the interrupt re- 
quest latches are inhibited from altering the interrupt daisy- 
chain so that sufficient time will be allowed for the daisy- 
chain to settle. IIf B is a privileged instruction, the instruction 
fetch is not replaced by a freeze cycle; instead, the fetch is 
performed and the next instruction 
is executed. Although 
unlikely to be encountered, a series of privileged instructions 
will be sequentially executed without interrupt. One more in- 
struction, called a 'protected' 
instruction, will always be ex- 
ecuted after the last privileged instruction. 
The last cycle of 


the protected instruction then performs the freeze.1 


The dashed lines on EXT INT illustrate the last opportunity 


for EXT INT to cause the last cycle of a non-protected 
in- 


struction to become a freeze cycle. 


Freeze Cycle 
-;1-- 
C+ 0 --t-- E+- F-+ G 


The freeze cycle is a short cycle (4 '" clock periodsl in all 
cases except where B is the Decrement Scratchpad instruc- 
tion, in which case the freeze cycle is a long cycle (6 '" clock 
periods). 
INT REO goes low on the "ext negative edge of WRITE if 
both PRI IN is low and the appropriate interrupt enable bit of 
the Interrupt Control Port is set. Both INT REO and WRITE 


are internal 
signals. 


Event C - 
A NO-OP long cycle to allow time for the inter- 
nal priority chain to sellie. 


Event D - 
The Program Counter (POI is pushed to the 
stack register (P) in order to save the return address. The in- 
terrupt Circuitry places the lower 8 bits of the interrupt vector 
address onto the data bus. This is always a long cycle. 


Event E - 
A long cycle in which the interrupt circuitry 
places the upper 8 bits of the interrupt vector address onto 
the data bus. 


Event F - 
A short cycle in which the interrupting interrupt 
request latch is cleared. Also, the CPU's Interrupt Control Bit 
is cleared, thus disabling interrupts until an El instruction is 
performed. The fetch of the next instruction from the inter- 
rupt address. 


Event G - 
Begin execution of the first instruction of the 


interrupt 
service 
routine. 


SUMMARY 
OF INTERRUPT SEQUENCE 


For the MC3870 the interrupt response time is defined as 
the time elapsed between the occurrence of EXT INT going 
active (or the Timer transitioning to H 'N') and the beginning 
of execution of the first instruction of the interrupt service 
routine. The interrupt response time is a variable dependent 
upon what the microprocessor is doing when the interrupt 
request occurs. As shown in Figure 17, the minimum inter- 


rupt response time is 3 long cycles plus 2 short cycles plus 
one WRITE clock pulse width plus a setup time of EXT INT 
prior to the leading edge of the WRITE pulse - 
a total of 27 


'" clock periods plus the setup time. At a 2 MHz", 
this is 
14.25 I's. Although the maximum could theoretically be in- 
finite, a practical maximum is 35 I's (based on the interrupt 
request occurring near the beginning of a PI and LR K, P se- 
quence). 


POWER-ON RESET 


The intent of the Power-On Reset circuitry on the MC3870 
is to automatically reset the device following a typical power- 
up situation, thus saving external reset circuitry in many ap- 
plications. This circuitry is not guaranteed to sense a "Brown 
Out" (low voltage I condition nor is it guaranteed to operate 
under all possible power-on situations. 


Three conditions are required before the MC3870 will leave 
the reset state and begin operation. Refer to Figure 18 as an 
aid to the following descriptions. The On-Chip VCC detector 
senses a minimum value of VCC before it will allow the 
MC3870 to operate. The threshold of this detector is set by 
analog circuitry 
because a stable voltage reference is not 
available with n-channel MaS processing. Processing varia- 
tions will cause this threshold to vary from a low of 3.0 volts 
to a high of 4.3 volts with 3.5 volts being typical. 


The MC3870 uses a substrate bias as a technique to pro- 
vide improved 
performances 
versus power 
consumption 
relative to conventional 
grounded 
substrate 
approaches. 
This 
bias 
generator 
may 
start 
operating 
as 
low 
as 
VCC= 3 volts on some devices while others may require 
VCC= 4 volts in order to get adequate substrate bias. Until 
the substrate reaches the proper bias, the MC3870 will not 
be released from the reset state. The final condition required 
is that 
the clocks of the 
MC3870 must 
be functioning. 


Typically the clocks will start to function at VCC equal to 3to 
3.5 volts but since the part is tested at 4.5 volts, Motorola 
can not guarantee any operation below 4.5 volts. The output 
of the delay circuit in Figure 18 will stay low until the clocks 


To Internal 
3870 Logic 
Reset State = 1 


• 


• 


start to function. 
If the input to the delay circuit is high, 
typically after 100 cycles of the WRITE clock 1800cycles of 
the external clock) the output of the delay circuit will go high 
allowing the MC3870 to begin execution. 


If 
VCC falls to 
ground 
for 
at 
least a few 
hundred 
nanoseconds the output of the delay circuit will go low im- 
mediately and the MC3870 will reset. 


The internal logic may detect a valid VCC' bias and clocks 
at VCC=3.5 
volts and allow the MC3870 to start executing 
after the time delay. With a slowly rising power supply, the 
part may start running before VCC is above 4.5 volts which is 
below the guaranteed voltage range. When power-on-clear 
is required with a slowly rising power supply, an external 
capacitor must be used on the RESET pin to hold it below 
O.Bvolts until VCC is stable above 4.5 volts. (Note: The op- 
tion to disconnect the internal pullup resistor on RESET is 
available which allows the use of a larger external pullup 
resistor and a small capacitor on RESET.) 
In many applications it is desirable if the unit does an 
automatic power-on-c1ear, but not mandatory. The unit will 
have a RESET push button and if the unit does not power-up 
correctly or malfunctions 
because of some disturbance on 
the VCC line, the operator will simply press RESET and 
restore normal operation. It is for these applications that the 
internal power-on-clear circuitry was designed. 


In some applications it is required that the microcomputer 
continue to run properly without operator intervention after 
brown-outs, 
power line disturbances, electrical noise, com- 


puter malfunction due to a programming bug, or any other 
disturbance except a catastrophic failure of some compo- 


nent. 
One concept used to keep computers running is that of 
the "WATCHDOG 
TIMER". 
The computer is programmed 
to periodically reset the watchdog timer during the normal 
execution of its program (this is easily done in the MC3870as 
its normal application is in some control function which 
IS 
typically periodic!. As long as the computer continues to ex- 
ecute its program the watchdog 
timer is continually 
reset 
and never times out. Should the computer stop executing its 
program for whatever reason, the watchdog timer will time 
out producing a RESET pulse to the CPU re-starting execu- 
tion. This is a very positive way to assure that the computer 
is doing its Job, i.e., executing the program. It is important 
that the software driving the watchdog timer test as many 
functional blocks (timer, ALU, scratchpad RAM, and ports! 
of the MC3870 as possible before resetting the watchdog 
timer. This is because operation of the MC3870, with an out 
of specification power supply, may allow some of the func- 
tions 
to operate correctly 
while other 
functions 
are not 


operable. 
Motorola can guarantee correct operation of the MC3870 
only while the VCC voltage remains within 
its specified 
limits. 
If 
proper 
operation 
of 
the 
MC3870 
must 
be 
guaranteed after a disturbance on the VCC line, then an ex- 
ternal circuit must be used to monitor the VCC line and pro- 
duce RESET to the MC3870 whenever VCC is out of the 
specified limits. 


A related characteristic to power-on-clear is the startup 
time of the basic timing element. The LC and RC oscillators 
begin to function 
almost immediately 
once VCC is high 
enough 
to 
allow 
the 
on-board 
oscillator 
to 
operate 
(VCC=3.5 
VI. Operation with a crystal is partly mechanical 
and some start time is required to get the mass of the crystal 


into vibrational motion. This time is basically dependent on 
the frequency (mass! of the crystal. 4 MHz crystals typically 
require about 2-3 ms to start while 1 MHz crystals require 
60-70 ms to start oscillating. Of course, this time may vary 
greatly from crystal to crystal and is also a function of the 
power supply rise time characteristic, 
however, 
the high- 


frequency crystals start faster and are definitely recommend- 
ed (i.e., 3-4 MHz). 


The condition of the port pins during the power-in-clear 
sequence is ohen asked. The port pins or the STROBE line 
cannot be specified until VCC reaches 4.5 V and the MC3870 
enters the RESET state 
Before this, the port pins may stay 
at VSS, may track VCC as it rises, or they may track VCC 
part way up then return to VSS (ports 4 and 5 will go to VCC 
once the clocks are running and the MC3870 has sufficient 
VCC to properly operate the internal control logic and 1/0 
ports). 


EXTERNAL RESET 


When RESET is taken low, the content of the Program 
Counter is pushed to the Stack Register and then the Pro- 
gram Counter and the ICB bit of the W Status Register are 
cleared. The original Stack Register content is lost. Ports 4, 
5, 6, and 7 are loaded with H '00'. The contents of all other 
registers and ports 
are unchanged 
or undefined. 
When 
RESET is taken high, the first program instruction is fetched 
from ROM location H '000'. When an external reset of the 
MC3870 occurs, POis pushed into P and the old contents of 
P are lost. It must be noted that an external reset is recog- 
nized at the start of a machine cycle and not necessarily at 
the end of an instruction. Thus, if the MC3870 is executing a 
multi-cycle instruction, that instruction is not completed and 
the contents of P upon reset may not necessarily be the ad- 
dress of the instruction that would have been executed next. 
It may, for example, point to an immediate operand if the 
reset occurred during the second cycle of an LI or CI instruc- 
tion. Additionally, several instructions (JMP, PI, PI, LR, PO, 
O! as well as the interrupt acknowledge sequence modify PO 
in parts. That is, they alter POby first loading one part then 
the other and the entire operation takes more than one cycle. 
Should 
reset occur during 
this modification 
process the 
value pushed into P will be part of the old PO(the as yet un- 
modified 
partl and part of the new PO (already modified 
part!. 
Thus, care should 
be taken (perhaps by external 
gating! to insure that reset does not occur at an undesirable 
time if any significance is to be given to the contents of P 


after 
a reset 
occurs. 


VCC DECOUPLING 


The MC3870 family devices have dynamic circuitry inter- 


nally which 
requires a good 
high frequency 
decoupling 
capacitor to surpress noise on the VCC line. A 0.01 I'F or 
0.1 I'F ceramic capacitor should be placed between VCC and 
ground, located physically close to the MC3870 device. This 
will 
reduce 
noise 
generated 
by 
the 
MC3870 to 
about 
70-100 mV on the VCC line. 


TEST LOGIC 


Special test logic is implemented to allow access to the in- 


ternal main data bus for test purposes. 


'In normal operation, the TEST pin is unconnected or is 


connected to GND. When TEST is placed at a TTL level 
(2.0 V to 2.6 VI port 4 becomes an output of the internal data 


bus. The data appearing on the port 4 pins is logically true 
whereas input data forced on port 5 must be logically false. 
When TEST is placed at a high level (6.0 V to 7.0 V), the 
ports act as above and additionally the 2K x 8 program ROM 
is prevented 
from 
driving 
the data bus. 
In this 
mode, 
operands and instructions may be forced externally through 
port 5 instead of being accessed from the program ROM. 
When TEST is in either the TTL state or the high state, 
STR08E ceases its normal function and becomes a machine 
cycle clock (identical to the F8 multi-chip 
system WRITE 
clock except inverted). 


Timing complexities render the capabilities associated with 
the TEST pin impractical for use in a user's application, but 
these capabilities are thoroughly sufficient to provide a rapid 
method for thoroughly testing the MC3870. 


SUPPLEMENTARY NOTES 


The Interrupt 
Control 
8it of the W Status Register is 
automatically 
reset when an interrupt 
request is acknow- 
ledged. It is then the programmer's responsibility to deter- 
mine when ICB will again be set (by execution an EI instruc- 
tion). This action prevents an interrupt service routine from 
being interrupted unless the programmer so desires. 


When reading the Interrupt Control Port (port 61, bit 7 of 
the Accumulator is loaded with the actual logic level being 
applied to the EXT INT pin, regardless of the status of ICP 
bit 2 (the EXT INT Active Level bit). This is, if EXT INT is at 


+ 5 V, bit 7 of the Accumulator is set to a logic" 1"; but, if 
EXT INT is at GND, then Accumulator bit 7 is reset to logic 
"0". 


In the MC3870 (F8 COMPATIBLE) INSTRUCTION SET 
summary, 
the 
number 
of 
cycles shown 
are "nominal" 
machine cycles. A nominal machine cycle is defined as 4 '" 
clock periods, thus, requiring 2 I's for a 2 MHz'" 
clock fre- 
quency (4 MHz external time-base frequency!. 


Also, the summary uses an older nomenclature for register 
names. The translation is as follows: 


PCO= PO 
Program Counter 


PCl = P 
Stack Register 


DCO= DC 
Data Counter 


DCl = DCl 
Auxiliary Data Counter 
The nomenclature is used in order to be consistent with the 
assembly language mnemonics. 


For the MC3870, execution of an INS or OUTS instruction 
requires 2 machine cycles for ports 0 and 1, whereas ports 4 
and 5 require 4 machine cycles. 


This section 
details the timing 
and execution 
of 
the 
MC3870 instruction set. Refer to Figure 19for a MC3870 Pro- 
gramming Model. 
• 


FIGURE 19 - 
MC3870 
PROGRAMMING 
MOOEL 


lADe 


ROM 
MEM 
2048 x 8 


Reset 
Transfers 
PO to P and 


then 
clears 
PO, Ice 
Bit 
of W 


and 
Ports 
4, 5, 6, and 
7 . 


• 


ROM 
Mom 
2048 x 8 


• These instructions 
set status. 


t The 
value 
of 
the external 
interrupt 
input 
is loaded 
to Bit 
7 of the accumulator 
(with 
Bits 0 through 
6 loaded 
with 
zeros) 


when 
the instruction 
'INS 
6' 
is executed. 
This 
instruction 
also sets status. 


1'tPO. P, DC, and DCl are 12·bit registers. 


NOTE: 
The 
Instructions 
PI and PK are shown 
in two 
sequential 
parts. 
(PI', 
PI2 and PK 1. PK2). 


MC3870 INSTRUCTION 
SET 


ACCUMULATOR 
GROUP 
INSTRUCTIONS 


Operation 
Mnemonic 


Operand 
Function 
Machine 
Cycles 
Status 
Bits 
Op Code 
Code 
Bytes 
Short 
long 
12 MHz</>1OVR 
ZERO 
CRY 
SIGN 


Add 
Carry 
LNK 
A-(AJ+CRY 
19 
1 
1 
2 
I/O 
I/O 
I/O 
I/O 


Add 
Immediate 
AI 
A-tAJ+H'II' 
2411 
2 
1 
5 
I/O 
I/O 
I/O 
I/O 


And 
Immediate 
NI 
A-(AIAH'I1' 
2111 
2 
1 
5 
0 
I/O 
0 
1/0 


Clear 
CLR 
A-H'OO' 
70 
1 
1 
2 


Compare 
ImmedIate 
CI 
H'lI' +IAI+ 
1 
2511 
2 
1 
5 
I/O 
I/O 
1/0 
I/O 


Complement 
COM 
A- 
(AI + H'FF' 
18 
1 
I 
2 
0 
I/O 
0 
I/O 


Exclusive 
or Immediate 
XI 
A-tAI+ 
H'II' 
2311 
2 
1 
5 
0 
I/O 
0 
1/0 


Increment 
INC 
A-(AJ+I 
lF 
1 
I 
2 
1/0 
1/0 
I/O 
1/0 


Load 
Immediate 
II 
A-H'lI' 
20" 
2 
I 
5 


Load 
Immediate 
Short 
LIS 
A-H'O,' 
7, 
1 
I 
2 


OR 
Immediate 
01 
A-(Al"H'II' 
2211 
2 
1 
5 
0 
1/0 
I/O 


Shih 
Left 
One 
SL 
Shift 
Left 
1 
13 
1 
1 
2 
0 
I/O 
1/0 • 


Shift 
Left 
Four 
SL 
Shift 
Left 
4 
15 
1 
1 
2 
0 
1/0 
1/0 


Shift 
Righi 
One 
SR 
ShIft 
Right 
1 
12 
1 
I 
2 
0 
1/0 
1 


Shift 
RighI 
Four 
SR 
Shift 
Right 
4 
14 
1 
I 
2 
0 
1/0 
1 


Operation 
Mnemonic 
Operand 
Function 
Machine 
Cycles 
Status 
Bits 
Op Code 
Code 
Bytes 
Short 
Long 
12 MHz </>1OVR 
ZERO 
CRY 
SIGN 


Branch 
on 
Carry 
8C 
aa 
PO- 
(POl + 1 + H'aa' 
82aa 
2 
2 
1 
7 


If CRY= 
1 


Branch 
on 
POSlll've 
8P 
aa 
PO- 
(POI+ 1+ H'aa' 
81aa 


,f SIGN=l 


Branch 
on Zero 
8Z 
aa 
PO- 
(POI + 1 + 'Haa' 
84aa 


If Zero= 
1 


Branch 
on 
True 
BT 
laa 
PO- 
(POI + 1 + 'Haa' 
8taa 


If any 
test 
IS true 


Branch 
If Negative 
aa 
PO- 
(POI + 1 + H'aa' 
91aa 


,f SIGN~O 


Branch 
If No 
Carry 
8NC 
aa 
PO- 
(POI + , + H'aa' 
92aa 
,f CARRY~O 


Branch 
If No 
Overflow 
8NO 
aa 
PO-IPOI 
+ 1+ H'aa' 
98aa 


,f OVR=O 


Branch 
If Not 
Zero 
BNZ 
aa 
PO-IPOl 
+ 1 + H'aa' 
94aa 
,f ZERO~O 


Branch 
If False 
Test 
8F 
laa 
PO- 
(POI+ 1+ H'aa' 
9taa 


TEST 
CONDITION 
If all false 
test 
bits 


~OVF 
ZERO 
CRY 
SIGN 


Branch 
If ISAR 
(Lower! 
8R7 
aa 
PO-IPOI 
+ 1+ H'aa' 
8Faa 
",7 
ISARL'" 
7 
PO-IPOJ + 2 ,f 
ISARL~7 
4 


Branch 
Relative 
8R 
aa 
PO- 
(POI + 1 + H'aa' 
OOaa 
7 


Jump· 
JMP 
aaaa 
PO-H'aaaa' 
29aaaa 
11 


·Pnvlleged 
Instruction, 
accumulator 
contents 
altered 
durmg 
execution 
JMP. 


MEMORY 
REFERENCE INSTRUCTIONS 
In all Memory 
Reference 
Instructions, 
the Data Counter 
is incremented 
DC -IDCI 
+ 1. 


Operation 
Mnemonic 
Operand 
Function 
Machine 
Cycles 
Status 
Bns 
Op Code 
Code 
Bytes 
Short 
Long 
12MHz ~I OVR ZERO CRY 
SIGN 


Add Binary 
AM 
A-IAI+(lOCIJ 
BB 
1 
1 
1 
5 
110 
1/0 
1/0 
110 


Add 
Decimal 
AMD 
A-IAI+IIDCII· 
89 
1 
1 
1 
5 
1/0 
1/0 
1/0 
110 


BCD 
Adjust 


AND 
NM 
A-IAIAIIDCII 
8A 
0 
110 
0 
1/0 


Compare 
CM 
IIDCII + IAI + 1 
80 
110 
110 
1/0 
110 


Exclusive OR 
XM 
A- 
IAI _IIDCII 
8C 
0 
110 
0 
110 


Load 
LM 
A-IIDCII 
16 


Logical OR 
OM 
A - 
IAlvllDCII 
8B 
1/0 
1/0 


Store 
ST 
A-IIDCII 
17 


ADDRESS 
REGISTER GROUP INSTRUCTIONS 


Operation 
Mnemonic 
Operand 
Function 
Machine 
Cycles 
Status 
Bits 
Op Code 
Code 
Bytes 
Short 
Long 
12MHz~) 
OVR ZERO CRY 
SIGN 
•• 


Add 
to Data 
Counter 
ADC 
DC-IDCI 
+ IAI 
8E 
1 
1 
1 
5 


Call 
to Subroutme· 
PK 
POU-lrI2I, 
OC 
1 
1 
2 
8 
POL-lrI31. 
P-IPOI 


Call 
to 
Subroutine 
PI 
aaaa 
P-IPOI. 
28aaaa 
13 


Immediate· 
PO- H'aaaa 


Exchange 
DC 
XDC 
IDCI= 
IDCli 
2C 
4 


Load 
Data 
Counter 
LR 
DC,a 
DCU-lrI4I, 
OF 
8 
DCL-lrI51 


Load 
Oala 
Counter 
LR 
DC, H 
DCU-lrlOi. 
10 
DCL-Irlll 


Load 
DC 
Immediate 
DCI 
aaaa 
DC 
H'aaaa' 
2Aaaaa 
12 


Load 
Program 
Counter 
LR 
PO,0 
POU -lr141, 
00 
8 
POL - 
Ir151 
load 
StacK 
Register 
LR 
P, K 
PU -lr121, 
09 
PL-r131 


Return 
from 
POP 
PO-IPI 
lC 
Subrouttne· 


Store 
Data 
Counter 
LR 
a,DC 
r14-IDCUI, 
OE 
r15-IDCLI 


Store 
Data 
Counter 
LR 
H,DC 
rlO- 
DCU, 
11 


rl1-IDCLI 


Stofe 
Stack. 
Register 
LR 
K, P 
r12-IPUI, 
08 
r13-IPLI 


SCRATCHPAD 
REGISTER INSTRUCTIONS 
IRefer to Scratch pad Addressing 
Modesl 


Operation 
Mnemonic 
Operand 
Function 
Machine 
Cycles 
Status 
Bits 
Op Code 
Code 
Bytes 
Short 
Long 
12MHz ~I OVR ZERO CRY 
SIGN 


Add 
Binary 
AS 
A-IAI+lrl 
Cr 
1 
1 
2 
1/0 
110 
1/0 
1/0 


Add 
Decimal 
ASD 
A-IAI+lrl 
Dr 
1 
2 
4 
1/0 
110 
1/0 
1/0 


Decrement 
OS 
r-(rl+H'FF' 
3r 
1 
3 
1/0 
1/0 
1/0 
1/0 


Load 
LR 
A, r 
A-(r) 
4r 
1 
2 


Load 
LR 
A, KU 
A-lr121 
00 
1 
2 


Load 
LA 
A, KL 
A-Ir131 
01 
1 
2 


Load 
LA 
A,aU 
A-lr141 
02 
1 
2 


Load 
LR 
A,aL 
A-lr151 
03 
1 
2 


Load 
LR 
r, A 
r-(Al 
5r 
1 
2 


Load 
LA 
KU,A 
r12-IAI 
04 
1 
2 


Load 
LA 
KL, A 
r13-IAI 
05 
1 
2 


Load 
LR 
OU,A 
r14-1AI 
06 
1 
2 


Load 
LR 
OL, A 
r15-IAI 
07 
1 
2 
AND 
NS 
A-IAIAlrl 
Fr 
1 
2 
1/0 
1/0 


ExclusIve 
OR 
XS 
A-IAI+lrl 
Er 
1 
2 
1/0 
110 


• Pnvlleged 
inStruction, 
accumulator 
contents 
altered 
dUring 
execution 
of PI InStructton. 


MISCELLANEOUS 
INSTRUCTIONS 


Operation 
Mnemonic 
Operand 
Function 
Machine 


Op Cod. 
Cod. 
Bytes 


Disable 
Interrupt 
DI 
Reset ICB 
lA 
I 


Enable 
Interrupt" 
EI 
Set ICB 
lB 
1 


Input 
IN 
04,05,00,07 A -linput 
Pan aal 
26aa 
2 


Inpul Short 
INS 
0,1 
A - 
(Input 
Port 
AO,AI 
I 
Oor 
11 


Input 
Short 
INS 
4,5,6.7 
A - 
(Input 
Port 
a) 
Aa 


load IsAR 
lR 
IS,A 
Is-IAI 
OB 


Load 
ISAR 
Lower 
L1sl 
bbb 
Isl-bbb 
61Ibbbl"" 


Load 
lSAR 
Upper 
L1SU 
bbb 
ISU-bbb 
610bbbi 


oO 


Load Status Register· 
lR 
W,J 
W-Ir91 
ID 


No 
Operation 
NOP 
PO- IPOI+ 1 
2B 


Output" 
OUT 
04,05,06,07 
Output Port 
27aa 


aa-tAI 


Output Short 
OUTS 
0,1 
Output Port 
BO,BI 
Oor l-(Al 


Output 
Short 
OUTS 
4,5,6.7 
Output Port a - 
tAl 
Ba 


Store tSAR 
lR 
A,IS 
A-IISI 
OA 


Store 
Status 
Reg 
lR 
J,W 
r9-IWI 
IE 


• Pnvlleged 
instruction 


,ob= 
l-blt 
Immediate 
operand 


NOTES 


Lower case denotes variables specified by programmer 


Definitions 


IS replaced by 
the contents of 
Binary '" s" complement 
of 
Anthmetlc 
Add (Binary or Declmall 


Logical "OR" 
exclusive 
logIcal" 
AND" 


Logical "OR" 
inclusive 


Hexadecimal 
digit 
Contents of memory specified by ( 
Address Variable (four bits) 
Accumulator 
One bit Immediate 
operand 
Data Counter !Indirect Address Regtster) 
Data Counter 
1 (Auxiliary Data Counterl 


Least significant 8 bits of Data Counter Addressed 
Most significant 8 bits of Data Counter Addressed 
Scratchpad 
Register 10 and 11 


Immediate 
operand (four bltsl 
Interrupt Control Bit 
Indirect Scratchpad 
Address Register 
Least Significant 
3 bits of ISAR 
Most Significant 3 bits of ISAR 
Scratchpad 
Register 9 


Registers 12 and 13 


H" 
[I 
II 


a 
A 
b 
DC 
DCl 
DCl 
DCU 
H 


Cycles 
Status 
Bits 


Short 
Long 
12 MHz 4>1OVR ZERO CRY 
SIGtl 


1 
2 


1 
2 


1 
B 
0 
I/O 
1/0 


2 
4 
0 
I/O 
110 


8 
0 
I/O 
0 
I/O 


2 


2 


2 


4 
1/0 
1/0 
1/0 
I/O 


2 


B 
I 


RegIster 13 
Register 12 
Program Counter 
Least SignifIcant 8 Bits of Program Counter 
Most Significant 8 bits of Program Counter 
Stack Register 
Least Significant 8 bits of Program Counter 
Most Significant 8 bits of Active Stack Register 
Registers 14 and 15 
Reigster 15 
Register 14 
Scratchpad 
Register (any address a through 
81 
Isee 
Belowl 
W 
Status Register 


Scratchpad 
Addressing 
Modes Using IS, Ir"O 
through 
BI 


r= H'C' 
Register Addressed by IS 
IS (Unmodified) 


r= H'D' 
Register Addressed by IS 
IS lncremented 


r= H'E' 
Register Addressed by IS 
IS Decremented 


r ~ H'F' 
Illegal OP Code 


Status Register 


No change in condition 
is set to "1" or "0" depending 
on conditions 
Carry Flag 
Overflow 
Flag 
Sign of Resuli Flag 
Zero Flag 


1/0 
CRY 
DVR 
SIGN 
ZERO 


• 


The following 
information 
is required when ordering a 
custom 
MCU. 
This 
information 
may be transmitted 
to 
Motorola in the following media: 


PROMIs) MCM2716s or MCM2708s 
MDOS disk file 


To initiate a ROM pattern for the MCU it is necessary to 
first contact your local field service office, local sales person, 
or your local Motorola representative. 


PROMs - 
The MCM2708 or MCM2716 type PROMs, pro- 


grammed with the customer program Ipositive logic sense 
for address and data), may be submitted for pattern genera- 
tion. The PROMs must be clearly marked to indicate which 
PROM corresponds to which address space (OOO-3FFHEX), 
1400-7FFI or IOOO-7FF).See Figure 21 for recommended 
marking procedure. 
After the PROMIs) are marked they should be placed in 
conductive 
IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media IPROMs or Floppy Dlskl are filed 
for contractual purposes and are not returned. A computer 
listing of the ROM code will be generated and returned along 


with 
a listing 
veriftcatlon 
form. 
The 
listing 
should 
be 
thoroughly 
checked and the verification 
form completed, 
signed, and returned to Motorola. 
The signed verification 
form constitutes 
the contractual agreement for creation of 
the customer mask. If desired, Motorola will program a blank 
2716 EPROM Isupplied by the customer! from the data file 


used to create 
the custom 
mask 
to aid In the verification 
pro- 


cess. 


ROM VERIFICATION UNITS 


Ten MC3870s containing the customer's ROM pattern will 
be sent for program verification. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, 
packaged in ceramiC, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. 


FLEXIBLE DISKS 


The disk media submitted 
must be single-sided, single- 
density, 8-lnch, MDOS compatible floppies. The customer 
must write the binary file name and company name on the 
disk with a felt-tip pen. The floppies are not to be returned by 
Motorola as they are used for archival storage. The minimum 
MDOS system files must be on the disk as well as the ab- 
solute binary oblect file (filename .LO type of file) from the 
MC3870 cross assembler. 
An 
oblect 
file 
made 
from 
a 
memory dump uSing the ROLLOUT command 
IS also ad- 


missable. Consider submitting a source listing as well as the 
fOllOWingfiles: filename. LX (EXORciser'" 
loadable format) 
and filename. SA (ASCII Source Code!. These files Will of 
course be kept confidential and are used 11to speed up the 
process in house if any problems arise, and 21 to speed up 


our customer 
to factory 
interface 
if a user finds any software 
errors 
and 
needs 
assistance 
qUickly 
from 
the 
factory 


representatives 
MDOS IS Motorola's 
Disk Operating System available on 
development 
systems such as EXORCisers, or EXORsets, 
etc. 


Reset 
Pull up CJ 
No Pullup CJ 


External Interrupt 
Pullup CJ 
No Pullup CJ 


Port Opttons 


Standard 
lTL 
Open Drain 
Direct Drive 


P4-0 
CJ 
CJ 
CJ 


P4-1 
CJ 
CJ 
CJ 


P4-2 
CJ 
CJ 
CJ 


P4-3 
CJ 
CJ 
CJ 


P4-4 
CJ 
CJ 
CJ 


P4-5 
CJ 
CJ 
CJ 


P4-6 
CJ 
CJ 
CJ 


P4-7 
CJ 
CJ 
CJ 


P5-0 
CJ 
CJ 
CJ 


P5-1 
CJ 
CJ 
CJ 


P5-2 
CJ 
CJ 
CJ 


P5-3 
CJ 
CJ 
CJ 


P5-4 
CJ 
CJ 
CJ 


P5-5 
CJ 
CJ 
CJ 


P5-6 
CJ 
CJ 
CJ 


P5-7 
CJ 
CJ 
D 


c:J PROMs 
IMCM2716 
or MCM27081 


(Customer can send In two extra PROMs, 
Motorola 
will program the customer's 


code on these PROMs 
for code verification. 


I 


® MOTOROLA 


The MC6801 is an 8-bit single-chip microcomputer unit IMCU) which 


significantly enhances the capabilities of the M6800 Familyof parts. It in- 
cludes an upgraded M6800 microprocessor unit (MPU) with upward- 
source and object-code compatibility. 
Execution times of key instruc- 


tions have been improved and several new instructions have been add- 
ed including 
an unsigned 
multiply. 
The 
MCU can function 
as a 
monolithic microcomputer or can be expanded to a 64K byte address 
space. It is TTL compatible and requires one + 5-volt power supply. On- 
chip resources include 2048 bytes of ROM, 128 bytes of RAM, a serial 
communications interface ISCII, parallel I/O, and a three-function pro- 
grammable 
timer. 
The MC6803 can be considered as an MC6801 


operating in modes 2 or 3. An EPROM version of the MC6801, the 
MC68701 microcomputer, 
is available for systems development. The 
MC68701 is pin and code compatible with the MC6801/03 and can be 
used to emulate the MC6801/03. 
The MC68701 is described in a 
separate Advance Information publication. 


• 
Enhanced MC6800 Instruction Set 


• 
8 x 8 Multiply Instruction 


• 
Serial Communications Interface ISCI) 


• 
Upward Source and Object Code Compatibility with the M6800 


• 
16-Bit Three-Function Programmable Timer 


• 
Single-Chip or Expanded Operation to 64K Byte Address Space 


• 
Bus Compatibility with the M6800 Family 


• 
2048 Bytes of ROM (MC6801 Only) 


• 
128 Bytes of RAM 


• 
64 Bytes of RAM Retainable During Powerdown 


• 
29 Parallel I/O and Two Handshake Control Lines 


• 
Internal Clock Generator with Divide-by-Four Output 


• 
-40 
to 85°C Temperature Range 


• 
- 40 to 105°C Temperature Range 


Generic 
Number 


Ceramic Package 
Plastic Package 


Frequency MHz 
Temperature 
L Suffix 
P Suffix 


1.0 
O'C to 70°C 
MC6801L1 
MC6801P1 
10 
-40°C 
to 85°C 
MC6801CL1 
MC6801CPl 
1.0 
- 4O'C to 105'C 
MC6801VL1 
MC6801VP1 


1.0 
O'C 
to 70'C 
MC6803L 
MC6803P 
1.0 
- 4O'C 
to 85'C 
MC6803CL 
MC6803CP 


1.0 
- 40°C to 105°C 
MC6803VL 
MC6803VP 
1.25 
O'C 
to 70'C 
MC6801L1-1 
MC6803P1-1 
1.25 
- 40'C 
to 85'C 
MC6801 CL1-1 
MC6803CP1-1 
1.25 
O'C 
to 70'C 
MC6803L1 
MC6803P1 
1.25 
-40'C 
to 85°C 
MC6803CL-1 
MC6803CP-l 


1.5 
O'C to 70'C 
MC68A01L1 
MC68A01P1 
1.5 
O'C 
to 70'C 
MC68A03L 
MC68A03P 


20 
O'C 
to 70'C 
MC68801L1 
MC68801P1 


2.0 
O'C 
to 70'C 
MC68803L 
MC68803P 


MC6801 
MC6803 


MOS 


IN-CHANNEL, 
SILICON-GATE, 


DEPLETION 
LOAD) 


MICROCOMPUTER 
MICROPROCESSOR 


~F',' 
LSUFFIX 


~ 
CERAMIC 
PACKAGE 


CASE 
715 


PIN ASSIGNMENT 


VSS 


XTAL1 
SC1 


EXTAL2 
SC2 


Nli.1i 
4 
P30 


Tmrl 
P31 


REm 
6 
P32 


VCC 
P33 


P20 
8 
P34 


P21 
9 
P35 


P22 
10 
P3.6 


P23 
11 
P37 


P24 
12 
P40 


PlO 
13 
P41 


P11 
14 
P42 


P12 
15 
P43 


P13 
P44 


P14 
P45 


P15 
P46 


P16 
P47 


P17 
VCC 
Standby 


I 


Expanded 
Multiplexed 
Ir==- Expanded Non-Muluplexed 
I 
Single 
Chip 


P37 
A7ID7 
D7 
110 
P20 
P36 
A6/D6 
D6 
110 
P21 
P35 
A5/D5 
D5 
110 
Port 
P22 
P34 
MID4 
D4 
110 
3 
P23 
P33 
A3/D3 
D3 
i/G 
P24 


P32 
A2/D2 
D2 
110 
ilmi 
P31 
AlIDl 
Dl 
110 
P30 
AOIDO 
DO 
110 
SC2 
RIW 
R/W 
1m 


SCI 
AS 
iOS 
~ 


P47 
A15 
A7 
110 
PlO 
P46 
A14 
A6 
110 
Pll 
P45 
A13 
A5 
110 
P12 
P44 
A12 
M 
110 
P13 
P43 
All 
A3 
110 
P14 


P42 
Al0 
A2 
110 
P15 
P41 
A9 
Al 
110 
P16 
P4Q 
A8 
AO 
110 
P17 


The average chip-junction 
temperature, 
TJ, in °c can be obtained 
from: 


TJ=TA+IPo·8JA) 
(11 


Where: 


TA - Ambient 
Temperature, 
°c 


8JA" 
Package Thermal Resistance, Junction-to-Ambient, 
°C/W 


PO" 
PINT + PPORT 
PINT",ICC 
x VCC, Watts 
- 
Chip Internal Power 


PPORT= Port Power Dissipation, 
Watts 
- 
User Oetermined 


For most applications 
PPORT<CPINT and can be neglected_ PPORT may become significant 
if the device is configured 
to 


drive Oarlington 
bases or sink LEO loads_ 


An approximate 
relationship 
between Po and TJ (if PPORT is neglected I is: 


Po = K + ITJ + 273°C) 
(21 
Solving equations 
1 and 2 for K gives: 


K = PO.(T A + 273°C) + 8JA·P02 
(3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibriuml 


for a known TA. Using this value of K the values of Po and TJ can be obtained by solving equations III and (21iteratively for any 
value of TA- 


• 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input 
Voltage 
Vin 
0.3 to + 7.0 
V 


Operating Temperature 
Range 
TL to TH 


MC6801 , MC6803 
o to 70 


MC6801 C, MC6803C 
TA 
-40 
to 85 
°c 
MC680lV, 
MC6803V 
-40 
to 105 


Storage Temperature 
Range 
Tstg 
-55 
to + 
150 
°c 


ThIS device contains circuitry to protect the ·in- 
puts against damage due to high static voltages 
or electric fields; however, 
it is advised that nor- 
mal precautions be taken to avoid application of 
any vOltage higher than maximum 
fated vOltages 


to this high-impedance 
circuit. For proper opera- 


tion it is recommended 
that Vin and Vout 
be con- 
strained 
to the range V S5::;;; (Vin or Vout) S V CC. 


Input 
protection 
is enhanced 
by 
connecting 
unused inputs to either VOO or VSS. 


Characteristic 
Symbol 
Value 
Rating 


Thermal 
Resistance 


Plastic 
8JA 
50 
°C/W 


Ceramic 
50 


MC6801 
MC6801·1 
MC68A01 
MC68B01 
Unit 
Characteristic 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


Frequency of Operation 
fo 
05 
1.0 
05 
1.25 
0.5 
1.5 
0.5 
2.0 
MHz 


Crystal Frequency 
fXTAL 
2.0 
4.0 
2.0 
5.0 
20 
60 
2.0 
8.0 
MHz 


External Oscillator Frequency 
4fo 
2.0 
4.0 
2.0 
5.0 
20 
60 
2.0 
8.0 
MHz 


Crystal Oscillator Start Up TIme 
tre 
- 
100 
- 
100 
- 
100 
- 
100 
ms 


Processor Control Setup TIme 
tpcs 
200 
- 
170 
- 
140 
- 
110 
- 
ns 


MC6801 
MC6801C 
MC680lV 
MC6803 
MC6803C 
MC6803V 


Characteristic 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 


Input High Voltage 
RESET 
VSS+4.0 
VCC 
VSS+4.0 
VCC 
VSS +4.0 
VCC 


Other Inputs 
VIH 
VSS + 2.0 
VCC 
VSS + 2.2 
VCC 
VSS +2.2 
VCC 
V 


Input Low Voltage 
All Inputs 
VIL 
VSS-0.3 
SS+0.8 
VSS-0.3 
SS + 0.8 VSS-03 
SS+0.7 
V 


Input Load Current 
Port4 
- 
0.5 
- 
0.8 
- 
0.8 
1Vin ~ 0 to 2.4 VI 
SCI 
lin 
- 
0.8 
- 
1.0 
- 
1.0 
mA 


Input Leakage Current 
1Vin=Ot05.25VI 
NMI. 
IR01, 
RESET 
lin 
- 
2.5 
- 
5.0 
- 
50 
pA 


Hi-Z IOff 
Statel 
Input 
Current 
1Vin = 0.5 to 2.4 VI 
Ports 1, 2, and 3 
ITSI 
- 
10 
- 
20 
- 
20 
pA 


Output 
High Voltage 


IILoad= 
-65pA, 
VCC= 
Mini" 
Port 4,' SC1, SC2 
VOH 
VSS + 2.4 
- 
SS+2.4 
- 
VSS+2.4 
- 
V 
IILoad~ 
- 1oopA, 
VCC= 
Mini 
Other Outputs 
VSS + 2.4 
- 
SS+2.4 
- 
VSS + 2.4 
- 


Output 
Low Voltage 


IILoad=2.0mA, 
Vcc~Min} 
All Outputs 
VOL 
- 
SS+0.5 
- 
SS +0.6 
- 
VSS+0.6 
V 


Darlington Drive Current (VO= 
1.5 VI 
Port 1 
IOH 
1.0 
4.0 
1.0 
5.0 
10 
5.0 
mA 


Internal Power Dissipation 


(Measured 
at TA = T L in Steady-State 
Operation) 
PINT 
- 
1200 
- 
1500 
- 
1500 
mW 


Input Capacitance 
Port 3, Port 4, SCI 
Cin 
- 
12.5 
- 
12.5 
- 
12.5 
pF 
1Vin= 0, TA = 25°C, fo~ 
1.0 MHzl 
Other Inputs 
- 
10 
- 
10 
- 
10 


VCC Standby 
Powerdown 
VS88 
4.0 
5.25 
4.0 
525 
4.0 
525 


Powerup 
VSB 
4.75 
525 
4.75 
525 
475 
5.25 
V 


Standby Current 
Powerdown 
ISB8 
6.0 
80 
8.0 
mA 


MC6l101 
MC6l101-1 
MC68A01 
MC68B01 


MC6803 
MC6803-1 
MC68A03 
MC68B03 


Characteristics 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 


Peripheral Data Setup Time 
tpDSU 
200 
- 
200 
- 
150 
- 
100 
- 
ns 


Peripheral Data Hold Time 
tpDH 
200 
- 
200 
- 
150 
- 
100 
- 
ns 


Delay Time, 
Enable Positive Transition to 0$3 
Negative Transition 
tOSD1 
- 
350 
- 
350 
- 
300 
- 
250 
ns 


Delay Time, 
Enable Positive Transition to 053 
Positive Transition 
tOSD2 
- 
350 
- 
350 
- 
300 
- 
250 
ns 


Delay Time, 
Enable Negative 
Transition to Peripheral Data Valid 
tpWD 
350 
350 
300 
250 
ns 


Delay Time, 
Enable Negative 
Transition to Peripheral 


CMOS 
Data Valid 
tCMOS 
- 
2.0 
- 
20 
- 
20 
- 
2.0 
~s 


Input 
Strobe 
Pulse Width 
tpWIS 
200 
- 
200 
- 
150 
- 
100 
- 
ns 


Input 
Data Hold Time 
tlH 
50 
- 
50 
- 
40 
- 
30 
- 
ns 


Input 
Data Setup 
Time 
liS 
20 
- 
20 
- 
20 
- 
20 
- 
ns 


PlO-P17 
P20-P24 
P4O-P47 
Inputs 


r MPUWrite 
E / 
tCMOS~ 


tpWD 


.' 
---07VCC 


NOTES: 


1. 10 k pullup resistor reQuired for port 2 to reach 0.7 VCc. 
2. Not applicable 
to P21. 


3. Port 4 cannot 
be pulled above 
VCc. 


II 


II 


Ident. 
MC6801 
MC6801-1 
MC68AOl 
MC68B01 


Number 
Characteristics 
Symbol 
MC6803 
MC6803-1 
MC68A03 
MC68B03 
Unit 


Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


I 
Cycle Time 
teye 
1.0 
2.0 
0.8 
2.0 
0.667 
2.0 
0.5 
2.0 
ps 


2 
Pulse WIdth. 
E Low 
PWEL 
430 
1000 
360 
1000 
300 
1000 
210 
1000 
ns 


3 
Pulse WIdth. 
E High 
PWEH 
450 
1000 
360 
1000 
300 
1000 
220 
1000 
ns 


4 
Clock Rise and Fall Time 
tr.tf 
- 
25 
- 
25 
- 
25 
- 
20 
ns 


9 
Address Hold Time 
tAH 
20 
- 
20 
- 
20 
- 
10 
- 
ns 


12 
Non-Muxed 
Address Valid Time to E* 
tAV 
200 
- 
150 
- 
115 
- 
70 
- 
ns 


17 
Read Data Setup Tlme 
tDSR 
BO 
- 
70 
- 
60 
- 
40 
- 
ns 


18 
Read Data Hold Time 
tDHR 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


19 
Write 
Data Delay Time 
tDDW 
- 
225 
- 
200 
- 
170 
- 
120 
ns 


21 
Write Data Hold Time 
tDHW 
20 
- 
20 
- 
20 
- 
10 
- 
ns 


22 
Muxed Address Valid Time to E Rise* 
tAVM 
200 
- 
150 
- 
115 
- 
BO 
- 
ns 


24 
Muxed Address Valid Time to AS Fall* 
tASL 
60 
- 
50 
- 
40 
- 
20 
- 
ns 


25 
Muxed Address Hold Time 
tAHL 
20 
- 
20 
- 
20 
- 
10 
- 
ns 


26 
Delay Time. E to AS Rise* 
IASD 
90* 
* 
- 
70* * 
- 
60* * 
- 
45* .• 
- 
ns 


27 
Pulse Width. 
AS High* 
PWASH 
220 
- 
170 
- 
140 
- 
110 
- 
ns 


28 
Delay Time. AS to E Rise· 
lASED 
90 
- 
70 
- 
60 
- 
45 
- 
ns 


29 
Usable Access Time· 
IACC 
595 
- 
465 
- 
360 
- 
270 
- 
ns 


* At specified cycle time . 


.•* IASD 
parameters 
listed assume external TlL clock drive with 50% 
± 5% duty cycle. Devices driven by an external TlL clock with 50% 
± , % duty cycle or which use a crystal have the following lASD 
specifications: 
100 nanoseconds minimum (1.0 MHz devices), 80 nano- 
seconds minimum 11.25 MHz device), 65 nanoseconds 
minimum (1.5 MHz devices), 50 nanoseconds minimum 
(2.0 MHz devices) 


TOS. 


R/IN. 
Address 


(Non-Muxedl 


NOTES: 
1. Voltage 
levels shown are VL::s0.5 V. VH2:2.4 
V. unless otherwise specified. 


2. Measurement 
points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed 
by: 12 + 3 - 17 + 4. 


4. Memory 
devices should be enabled only during E high to avoid port 3 bus contention. 


~lJ 30 pF 


VCC 
m 


RL1.SkG 


Test Point 
MMD6150 


or Equivalent 


C 
R 
MMD7000 


or Equivalent 


-:: 
-:: 


C=90 
pF for P3O-P37, P40-P47, 
E, SC1, 
SC2 


=30 
pF for PlO-P17, 
P20-P24 
R=37 
kG for P40-P47, 
SC1, 
SC2 


= 24 kG for PlO-P17, 
P20-P24 
= 24 kG for P3O-P37, E 


The MC6801 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating 
modes. The operating 
mode controls 
the con- 


figuration 
of 
18 of the 40 MCU pins, available on-chip 
resources, memory map, location linternal or externall of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 


Twenty-nine 
pins are organized as three 8-bit P0rlS and 
one 5-bit port. Each port consists of at least a data register 
and a write-only 
data direction register. The data direction 
register is used to define whether corresponding bits in the 
data register are configured 
as an input Iclear! or output 
Isetl. 


The term "port," 
by itself, refers to all of the hardware 
associated with the port. When the port is used as a "data 
port" or "1/0 port," it is controlled by the port data direction 
register and the programmer has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where i identifies one of four ports and j indicates the par- 
ticular bit. 


The microprocessor unit IMPUI is an enhanced MC6800 
MPU with additional capabilities and greater throughput. 
It is 
upward 
source 
and 
object 
code 
compatible 
with 
the 
MC6800. The programming model is depicted in Figure 9, 
where accumulator 0 is a concatenation of accumulators A 
and 8. A list of new operations added to the M6800 instruc- 
tion set are shown in Table 1. 


The MC6803 can be considered an MC6801 that operates 
in Modes 2 and 3 only. 


• 


II 


FIGURE 9 - 
PROGRAMMING 
MODEL 


r 
A 
aU 7 
B 
~ 
B-Bil Accumulators 
A and B 
fl5 - - - -- 
--- 
- 
0 
-- 
-- 
-- 
-- 
-~ 
Or 16-Bn Double Accumulator 
0 


01 Index 
Register (Xl 


Carry/Borrow 
from MSB 


Overflow 


Zero 


Negative 


Interrupt 
Half Carry (From 
Bit 31 


The MC6801 provides eight different operating modes 10 
through 71and the MC6803 provides two operating modes 12 
and 31. The operating modes are hardware selectable and 
determine the device memory map, the configuration of port 
3, port 4, SC1, SC2, and the physical location of the inter- 
rupt vectors. 


expanded multiplexed modes. Table 2 summarizes the char- 
acteristics of the operating modes. 


MC6801 SinglEt-Chip Modes (4, 7) 


In the single-chip 
mode, the four MCU ports are con- 
figured as parallel input/ output 
data ports, 
as shown 
in 


Figure 10. The MCU functions as a monolithic 
microcom- 


puter in these two modes without 
external address or data 


buses. A maximum of 29 I/O lines and two port 3 control 
lines are provided. Peripherals or another MCU can be inter- 
faced to port 3 in a loosely coupled dual processor configura- 
tion, as shown in Figure 11. 


FUNDAMENTAL 
MODES 


The eight operating modes can be grouped into three fun- 
damental modes which refer to the type of bus it supports: 
single 
chip, 
expanded 
non-multiplexed, 
and 
expanded 
multiplexed. 
Single-chip modes include 4 and 7, expanded 


non-multiplexed mode is 5, and the remaining five modes are 


Instruetion 
Description 


ABX 
Unsigned addition of accumulator 
B to index register 


ADDD 
Adds (without 
carry) the double accumulator 
to memory and leaves the sum in the double accumulator 
ASLD 
or LSLD 
Shifts 
the double accumulator 
left ltowards 
MSBI 
one bit; the LSB is cleared and the MSB 
is shifted into the C bit 
BHS 
Branch jf higher or same; unsigned conditional 
branch (same as BCe) 


BLO 
Branch if lower; unsigned conditional 
branch (same as SCSl 


BRN 
Branch never 


JSR 
Additional 
addressing mode: direct 


LDD 
Loads double accumulator 
from memory 


LSL 
Shifts memory or accumulator 
left (towards 
MSB) 
one bit; the LSI3 is cleared and the MSB 
is shifted into the C bit 
Isame as ASLI 
LSRD 
Shifts the double accumulator 
right (towards 
LSB) one bit; the MSB 
is cleared and the LSB is shifted into the C bit 
MUL 
Unsigned multiply; multiplies the two accumulators 
and leaves the product in the double accumulator 
PSHX 
Pushes the index register to stack 
PULX 
Pulls the index register from stack 
STD 
Stores the double accumulator 
to memory 
SUBD 
Subtracts 
memory 
from the double accumulator 
and leaves the difference 
in the double accumulator 
CPX 
Internal processing modified to permit its use with any conditional 
branch instruction 


In single-chip test mode (41, the RAM responds to $XX80 
through $XXFF and the ROM is removed from the internal 
address map. A test program must first be loaded into the 
RAM using modes 0, 1,2, or 6. If the MCU is reset and then 
programmed 
into 
mode 
4, 
execution 
will 
begin 
at 
$XXFE:XXFF. Mode 5 can be irreversibly entered from mode 
4 without asserting RESET by setting bit 5 of the port 2 data 
register. This mode is used primarily to test ports 3 and 4 in 
the single-chip and non-multiplexed modes. 
MC6801 Expanded Non-Multiplexed 
Mode 151 


A modest amount of external memory space is provided in 
the expanded non-multiplexed 
mode while significant 
on- 


chip resources are retained. Port 3 functions 
as an 8-bit 


bidirectional data bus and port 4 is configured initially as an 
input data port. Any combination of the eight least-signifi- 
cant address lines may be obtained by writing to the port 4 
data direction register. Stated alternatively, any combination 
of AOto A7 may be provided while retaining the remainder as 
input data lines. Internal pullup resistors pull the port 4 lines 
high until the port is configured. 


Figure 12 illustrates a typical system configuration 
in the 
expanded 
non-multiplexed 
mode. 
The 
MCU 
interfaces 
directly with M6800 Family parts and can access 256 bytes of 
external address space at $100 through $lFF. 10S provides 
an address decode of external memory l$l00-$lFFI 
and can 
be used as a memory-page select or chip-select line. 


Common to all Modes: 


Reserved Register 
Area 
Port 1 
Port 2 
Programmable 
Timer 
Serial Communications 
Interface 


Single 
Chip Mode 
7 


128 bytes of RAM; 
2048 bytes of ROM 
Port 3 IS a parallel I/O port wnh two control 
lines 
Port 4 is a parallel I/O 
port 
SCI 
IS Input 
Strobe 
3 1iS31 
SC2 IS Output 
Strobe 
3 IOS31 


Expanded 
Non-Mu~iplexed 
Mode 
5 
128 bytes of RAM; 
2048 bytes of ROM 
256 bytes of external memory space 
Port 3 IS an 8-blt data bus 
Pon 4 IS an Input 
portl address bus 
SC1 is Input/Output 
Select 
1I0S1 
SC2 IS Read/Write 
IR/WI 


Expanded 
Multiplexed 
Modes 
1, 2, 3, 6· 


Four memory space options (64K address space): 


111No internal 
RAM 
or ROM IMode 
31 
121Internal 
RAM, 
no ROM IMode 
21 
131Internal 
RAM 
and ROM IMode 
11 
141Internal 
RAM, 
ROM With part.al address 
bus IMode 
61 
Port 3 
IS a multiplexed address I data bus 
Port 4 is an address bus (inputs/address 
In Mode 61 
SCI 
is Address 
Strobe 
IASI 
SC2 IS Read/Wrote 
IR/WI 


Test Modes 
0 and 4 


Expanded Multiplexed 
Test Mode a 
May be used to test RAM 
and ROM 
SlOgle Chip and Non-Multiplexed 
Test Mode 4 
tl) 
May be changed to Mode 5 Without gOing through Reset 
(2) May be used to test Ports 3 and 4 as 110 ports 


• 


Port 2 
SilO 
lines 
Serial 
110 
16"Blt 
Timer 


Port 3 
8 I/O 
Lines 
iS3 
~ 


Port 2 
5 liD 
Lines 
Serial 
110 
16-Bit 
Timer 


• 


Port 1 
8 liD 
Lines 


Port 2 
5 I/O 
Lines 
SCI 
16-Bit 
Timer 


Port 3 
8 Data Lines 
R/Vii 


IDS 


I 
--= 
XTALl 
Porl3 
8 
- 


Port4 
8 
I 
---r:::....- 
EXTAL2 
OS 
, 
I 
ndby_ 
R/W 


E T- 
MC6801 
E 
NM"I__ 


IRQ1 __ 


L 
...•. 


... 
.. 


L 
...•. 


.. 
"" 
-i:- 


VSS 
PIA 
ACIA 
RAM 


Port 
2 
5 liD 
SCI 
Timer 


Port 1 
81/0 
Lines 


Port 4 


B liD 
Lines 


00-07) 
IAO-A7) 
OS 
R/Vii 


E 


Expanded-Multiplexed 
Modes <0, 1, 2, 3, 6) 


A 64K byte memory space is provided 
in the expanded- 


multiplexed 
modes. 
In each of the expanded-multiplexed 
modes port 3 functions 
as a time multiplexed 
address/ data 
bus with 
address valid 
on the negative 
edge of address 
strobe (AS), and data valid while E is high. In modes 0 to 3, 
port 4 provides address lines AS to A 15. In mode6, 
however, 


port 4 initially is configured 
at RESET as an input data port. 


The port 4 data direction 
register can then be changed 
to 
provide any combination 
of address lines, AS to A 15. Stated 
alternatively, 
any subset of AS to A 15 can be provided while 
retaining the remaining port 4 lines as input data lines. Inter- 
nal pullup resistors pull the port 4 lines high until software 
configures 
the port. 


In mode 0, the reset vector is external for the first two E 


cycles after the positive edge of RESET, and internal there- 
after. 
In addition, 
the internal and external data buses are 
connected so there must be no memory map overlap in order 
to avoid potential 
bus conflicts. 
Mode 0 is used primarily to 


verify the ROM pattern 
and monitor 
the internal data bus 
with the automated 
test equipment. 
Only the MC6801 can operate in each of the expanded- 


multiplexed 
modes. The MC6803 operates only in modes 2 
and 3. 


Figure 13 depicts a typical configuration 
for the expanded- 


multiplexed 
modes. Address strobe can be used to control a 


transparent 
D-type 
latch 
to capture 
addresses AO-A7, as 
shown in Figure 14. Tbis allows port 3 to function 
as a data 
bus when E is high. 


PROGRAMMING 
THE MODE 


The operating mode is determined at RESET by the levels 


asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control 
register on the 


positive edge of RESET. The operating 
mode may be read 


from the port 2 data register as shown below, and program- 
ming levels and timing must be met as shown in Figure 15. A 
brief outline of the operating 
modes is shown in Table 3. 


Circuitry to provide the programming 
levels is dependent 
primarily on the normal system usage of the three pins. If 
configured 
as outputs, 
the circuit shown in Figure 16 may be 
used; otherwise, 
three-state 
buffers can be used to provide 
isolation while programming 
the mode. 


P22 
P2l 
P20 
Interrupt 
Bus 
Operating 


Mode* 
PC2 
PCl 
PCO 
ROM 
RAM 
Vectors 
Mode 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single Chip 
6 
H 
H 
L 
I 
I 
I 
MUXI5,6) 
Multiplexed/Partial Decode 
5 
H 
L 
H 
I 
I 
I 
MUXI5,61 
Non-Multiplexed/ Partial Decode 


4 
H 
L 
L 
1121 
1111 
I 
I 
Single-Chip Test 


3 
L 
H 
H 
E 
E 
E 
MUXI41 
Multiplexed/No RAM or ROM 
2 
L 
H 
L 
E 
I 
E 
MUXI41 
Multiplexed/RAM 
1 
L 
L 
H 
I 
I 
E 
MUXI41 
Multiplexed/RAM and ROM 
0 
L 
L 
L 
I 
I 
1131 
MUXI41 
Multiplexed 
Test 


Legend: 
I"=lnternal 


E - 
External 
MUX - 
Multiplexed 
NMUX - 
Non-Multiplexed 
L - 
Logic Zero 
H - 
Logic One 


NOTES: 
---mTriiernal RAM is addressedat $XX80. 
121Internal ROM is disabled. 
131RESETvector is external for two cycles after RESETgoes high. 
(4) Addresses associated with ports 3 and 4 are considered external in modes O. 


1,2, and 3. 


(5) Addresses associated with port 3 are considered external in modes 5 and 6. 
(6) Port 4 default is user data input; address output is optional by writing to port 4 
data direction register. 


I 


FIGURE 
13 - 
EXPANDED 
MULTIPLEXED 
CONFIGURATION 


VCC 


Port 
1 
a 110 Lines 


Port 2 
51/0 
Lines 


Serial 1/0 
16-Bit Timer 


VSS 


VCC 


XTALl 


c::J 
a 


EXTAL2 
VCC Standby 


RESET 
NMI 
MC6801 
R/W 
16 
IR01 
MC6803 


Port 1 
a I/O 


Port 2 
51/0 
SCI 
Timer 


VSS 


Port 3 8 Lines 
Multiplexed 
Datal Address 
R/W 
AS 
Port 4 
8 Lines 


Address Bus 


Address Bus 


IAO·A151 


R/W 


I 
I 


G 
OC 


D1 
01 


74LS373 
!Typicall 


Da 
°a 


• 


VMPH 
Moo 


VMPL 
Max 


See Figure 16 


for~DIOde Arrangement 
VMPDD 


,--- 
" 
V 


(P20, P21, P221 
/ 
" 
MPL 


_____ 
/ 
--. 
Mode Latch 


mET 
I 
Level 


Characteristic 
Symbol 
Min 
Max 
Unit 


Mode Programming Input Voltage Low· 
VMPL 
- 
1.8 
V 


Mode Programming 
Input Voltage 
High 
VMPH 
40 
- 
V 


Mode Programming 
Diode Differential 
(If Diodes are Used) 
VMPDD 
0.6 
- 
V 


RESET Low 
Pulse Width 
PWRSTL 
3.0 
- 
E Cycles 


Mode Programming 
Setup Time 
tMPS 
20 
- 
E Cycles 


Mode Programming 
Hold Time 
iITID Rise Time>: 
1 ~s 
tMPH 
0 
- 
ns 
RESET Rise T,me< 
1 ~s 
100 
- 


RESET 


P20 


P21 


P22 


NOTES: 


1. Mode 7 as shown 


2. A2eC = Reset time constant 
CI 


3. Rt = 10 k (tYPlcall 
4. D = t N914, 
t N4001 (typicall 
5. Diode Vf should 
not exceed 
VMPDD 
min. 


MEMORY 
MAPS 


The 
M6801 
Family 
can 
provide 
up 
to 
64K 
byte 
address 


space 
depending 
on the 
operating 
mode. 
A memory 
map 
for 


RESET 


P20 (PCOI 


P2t 
(PCl) 


P22 (PC21 


Mode 
Control 


SWitches 


each 
operating 
mode 
is shown 
in Figure 
17. The 
first 
32 loca- 


tions 
of each 
map 
are reserved 
for 
the 
internal 
register 
area, 


as shown 
in Table 
4, with 
exceptions 
as indicated. 


• 


I 


SOOOOl11 


SOOlF 


NOTES: 
1) Excludes the following addresses which may be 


used externally: 
S04, S06, S06, S07, and SOF. 


21 Addresses 
SFFFE 
and 
S"FFF 
are 
considered 
external 
if accessed 
within 
two 
cycles after 
a 
positive edge of RESET and internal at all other 
times. 


3) After 
two 
MPU 
cycles, there must be no over- 


lapping of internal and external 
memory 
spaces 


to avoid driving the data bus with more than one 
device. 


4) This mode is the only mode which may be used 
to examine the interrupt vectors in internal ROM 
using an external RESET vector. 


MUltiplexed/RAM 
and ROM 


SOOOOl11 


SFFEF 
.SFFFO 


SFFFF 


NOTES: 
1) Excludes the following addresses which may be 


used externally: 
$04, S05, S06, S07, and SOF. 


21 Internal 
ROM addresses 
SFFFO to SFFFF are not 


usable. 


MC6801 
MC6803 
Mode 2 


$FFFO 


$FFFF 


NOTES: 
11 Excludes 
the following 
addresses 
which 
may be 
used externally: 
$04, $05, $06, $07, and $OF. 


MC6801 3 
MC6803 
Mode 


MultiplexedlNo 
RAM or ROM 


$ססoo(11 


NOTES: 
11 Excludes 
the following 
addresses 
which 
may be 
used externally: 
$04, $05, $06, $07, and $OF. 


• 


4 


$ססoo 


$OOIF 


) 
Internal 
Registers 


$XX80 


$XXFF 


} 


Internal 
RAM 
Internal Interrupt Vectors 


NOTES: 
11 The internal 
ROM is disabled. 


21 Mode 4 may be changed 
to Mode 5 without 
hav- 


ing to assert 
RESET 
by writing 
a one into the 
PCO bit of the port 2 data register. 


31 Addresses 
A8 to A 15 are treated as "don't 
cares" 


to decode internal RAM. 


41 Internal 
RAM 
will appear at $XX80 to $XXFF . 


5 


$סס oo111 


$OOlF 


} 
Internal 
Registers 


Unusable 


} 
Internal 
RAM 


} 
External Memory 
Space 


$OOFF 


$0100 


} 


Internal 
ROM 


Internal 
Interrupt 
Vectors 


NOTES: 


1) 
Excludes 
the following 
addresses 
which 
may not 


be used externally: 
$04, $06, and $OF Ino 10SI. 


2) This 
mode 
may 
be 
entered 
without 
going 


through 
RESET 
by 
using 
mode 
4 and 
subse- 


Quently 
writing 
a one into the pea bit of the port 


2 data 
register. 


3) 
Address 
lines AO to A7 will not contain 
addresses 


until 
the 
data 
direction 
register 
for 
port 
4 
has 


been written 
with ones in the appropriate 
bits. 


These 
address 
lines will assert 
ones 
untIl 
made 
outputs by writing the data direction register. 


6 


$OOlF 


$0080 


Internal 
Registers 


External 
Memory 
Space 


NOTES: 
11 Excludes 
the following 
addresses 
which 
may be 
used externally: 
$04, $06, and $OF. 


21 Address 
lines A8-A15 
will not contain 
addresses 


until 
the 
data 
direction 
register 
for 
port 
4 
has 


been written 
with 
ones in the appropriate 
bits. 


These 
address 
lines will assert 
ones 
until 
made 
outputs 
by writing 
the data 
direction 
register. 


• 


$סס oo 


$OOlF 


7 


} 
Internal 
Registers 


Unusable 


} 
Internal 
RAM 


} 


Internal 
ROM 


Internal Interrupt 
Vectors 


The M6801 Family supports 
two 
types of interrupt 
re- 


quests: maskable and non-maskable. 
A non-maskable 
inter- 


rupt (NMIl 
is always recognized and acted upon at the com- 


pletion 
of the current 
instruction. 
Maskable 
interrupts 
are 


controlled 
by the condition 
code register I bit and by in- 


dividual 
enable bits. 
The I bit controls 
all maskable inter- 


rupts. Of the maskable interrupts. 
there are two types: IRQ1 
and IRQ2. The programmable 
timer and serial communica- 


tions interface use an internal IRQ2 interrupt 
line, as shown 
in Figure 1. External devices (and IS3) use IRQ1. An IRQ1 in- 
terrupt is serviced before IRQ2 if both are pending. 


All IRQ2 interrupts 
use hardware prioritized 
vectors. 
The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized 
order and each is vectored 
to a separate loca- 


tion. All interrupt 
vector locations are shown in Table 5. 


The interrupt 
flowchart 
is depicted 
in Figure 18 and is 
common 
to every interrupt 
excluding 
reset. During interrupt 


servicing 
the program 
counter. 
index register, 
A accumu- 


lator, B accumulator, 
and condition 
code register are pushed 
to the stack. The I bit is set to inhibit maskable interrupts and 
a vector 
is fetched 
corresponding 
to the current 
highest 
priority 
interrupt. 
The vector 
is transferred 
to the program 


counter and instruction 
execution 
is resumed. Interrupt and 
RESET timing are illustrated 
in Figures 19 and 20. 


VCC AND VSS 
VCC and VSS 
provide 
power 
to a large portion 
of the 


MCU. The power supply should provide 
+ 5 volts (± 5%) to 


VCC. 
and 
VSS 
should 
be tied 
to 
ground. 
Total 
power 
dissipation 
(including 
VCC standby). 
will 
not exceed 
PD 


milliwatts. 


Vcc 
STANDBY 


VCC standby provides power to the standby portion 
($80 
through 
$BF) of the RAM and the STBY PWR and RAME 
bits of the RAM control 
register. Voltage 
requirements 
de- 


pend on whether 
the device is in a powerup 
or powerdown 


state. In the powerup state. the power supply should provide 
+ 5 volts (± 5%) and must reach VSB volts before RESET 
reaches 4.0 volts. During powerdown. 
VCC standby must re- 


main above VSBB 
(min) to sustain the standby 
RAM and 


STBY PWR bit. While in powerdown 
operation. the standby 
current will not exceed ISBB. 
It is typical to power both VCC and VCC standby from the 
same source during normal operation. 
A diode must be used 


between 
them to prevent supplying 
power to VCC during 
powerdown 
operation. 
VCC standby 
should 
be tied 
to 
ground in mode 3. 


Register 
Address 


Port 1 Data Direction 
Register· * * 
00 


Port 2 Data Direction 
Register· * it 
01 


Port 1 Data Register 
02 


Port 2 Data Register 
03 


Port 3 Data Direction 
Register· * * 
04" 
Port 4 Data Direction 
Register· *. 
05" " 


Port 3 Data Register 
06" 
Port 4 Data Reoister 
07* it 


Timer Control and Status Register 
08 
Counter (High Byte) 
09 
Counter (Low Byte) 
OA 
Output Compare RegisterIHigh Byte! 
OB 


Output Compare RegisterILow Byte! 
OC 


Input Capture RegisterIHigh Byte! 
00 


Input Capture RegisterILow Byte! 
OE 


Port 3 Control and Status Register 
OF" 


Rate and Mode Control Register 
10 


Transmit/Receive 
Control and Status Register 
11 
Receive Data Register 
12 


Transmit 
Data Register 
13 


RAM Control Register 
14 


Reserved 
15-1F 


* External addresses in modes 0, 1, 2. 3, 5, and 6; cannot be ac- 
cessed in mode 5 tno 10S). 


• * External addresses in modes 0, 1, 2, and 3. 


* * * 1= Output, 
0= 
Input. 


MSB 
LSB 
Interrupt 
FFFE 
FFFF 
RESET 


FFFC 
FFFD 
NMI 
FFFA 
FFFB 
Software Interrupt ISWII 
FFFB 
FFF9 
IROI (or 153) 


FFF6 
FFF7 
ICF IInput Capture!" 


FFF4 
FFF5 
OCF IOutput Capture!" 


FFF2 
FFF3 
TOF ITimer Overflow!" 
FFFO 
FFFl 
SCIIRDRF+ORFE+TDRE)" 


• 


FFFC:FFFD 


FFFA:FFFB 


FFFB: FFF9 


FFF6: FFF7 


FFF4: FFF5 


FFF2: FFF3 


FFFO: FFFl 


Non-Maskable 
Interrupt 


Software 
Interrupt 


Maskable 
Interrupt 
Request 
1 


Input 
Capture 
Interrupt 


Output 
Compare 
Interrupt 


Timer 
Overflow 
Interrupt 


SCllnterrupt 
ITDRE+ 
RDRF+ 
ORFEI 


I Cycle 
Last Instruction --"1 
111 
I 
#10 
I 
#11 
I 
#12 
I 


,--------------------------------------------- 
~ 
k-tpcs 


E &\\\\\\\\\\\~M\\\\\\\ 
\\\\\\~ 
~ 
_5.25V 
/1 
' 
,~ 
/ t-+-- 


VCC ~4.75 
V 
tRC---------i-~_~ 
__ 
tP_c_S 
~ 
~tPCS 
RESET 
/ I 
Ir-----7" 40V 
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XTALl 
AND EXTA12 


These two input pins interface either a crystal or TTL com- 
patible clock to the MCU internal clock generator. Divide-by- 
four circuitry is included which allows use of the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF 
capacitor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, EXTAL2 
may be driven by an external TTL compatible clock at 4fo 
with a duty cycle of 50% (± 5% I with XTAL 1 connected to 
ground. 
The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency 
range specified 
for fXTAL. 
The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.' 
The MCU is compatible 
with 
most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 21 


RESET 


This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During powerup, 
RESET must be held below 0.8 volts: III at least tRC after 
VCC reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and 121until VCC standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during powerup operation. 


E (ENABLE) 


This is an output clock used r'imarily 
for bus synchroniza- 


tion. It is TTL compatible and is the slightly skewed divide- 
by-four 
result of the device input clock frequency. 
It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NON-MASKABLE 
INTERRUPT (NMII 


An NMI negative edge requests an MCU interrupt 
se- 


quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from SFFFCand 
SFFFD, transferred to the program counter and instruction 
execution 
is resumed. 
NMI 
typically· requires a 3.3 
kll 


Inominall 
resistor to VCc. There is no internal NMI pullup 
resistor. NMI must be held low for at least one E cycle to be 
recognized under all conditions. 


MASKABLE INTERRUPT REQUEST 1 (IRQ11 


IRQl is a level-sensitive input which can be used to re- 


quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit (I bitl in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from SFFF8and SFFF9, transferred to the program counter, 


and 
instruction 
execution 
is resumed. 


IRQ1 typically 
requires an 
external 
3.3 
kll 
(nominal) 
resistor to VCC for wire-OR applications. IRQl has no inter- 
nal pullup resistor. 


STROBE CONTROL 1 AND 2 (SCl AND SC2) 


The function of SCl and SC2 depends on the operating 
mode. SCl is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. 
SCl 
and SC2 can drive one Schottky load and 90 pF. 


SCl and SC2 In Single-Chip Mode 
In single-chip mode, SCl and SC2 are configured as an 
input and output, 
respectively, and both function as port 3 
control lines. SCl functions as IS3 and can be used to indi- 
cate that port 3 input data is ready or output data has been 
accepted. Three options associated with iS3 are controlled 
by port 3 control and status register and are discussed in the 
PORT 3 (P30-P37). If unused, IS3 can remain unconnected. 


SC2 is configured as OS3 and can be used to strobe out- 


put data or acknowledge input data. It is controlled by out- 
put strobe select (OSSI in the port 3 control and status 
register. The strobe is generated by a read lOSS = Ol or write 
lOSS = 1) to the port 3 data register. OS3 timing is shown in 
Figure 4. 


SCl and SC2 In Expanded Non-Multiplexed 
Mode 


In the expanded non-multiplexed 
mode, both SCl 
and 
SC2 are configured as outputs. SC1 functions as input/out- 
put select (lOSI and is asserted only when SOl00 through 
SOlFF is sensed on the internal address bus. 
SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An M PU read is enabled 
when read/write and E are high. 


SCl and SC2 In Expanded-Multiplexed Mode 


In the expanded-multiplexed mode, both SCl and SC2 are 
configured as outputs. SC1 functions as address strobe and 
can be used to demultiplex 
the eight least-significant 
ad- 


dresse~ and the data bus. A latch controlled 
by address 
strobe captures address on the negative edge, as shown in 
Figure 14. 
SC2 is configured as read/write and is used to control the 
direction 
of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


PORT 1 (Pl0-P171 


Port 1 is a mode independent 8-bit I/O port with each line 
an input or output as defined by the port 1 data direction 
register. The TTL compatible three-state output buffers can 
drive one Schottky 
TTL load and 30 pF, Darlington 
tran- 


sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 


remain 
unconnected. 


Port 2 is a mode-independent, 
5-bit, multi-purpose 
I/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it will be tied to the timer output compare function and 
cannot 
be used to provide output 
from the port 2 data 


register. 


3.58 MHz 
4.00 MHz 
5.0 MHz 
6.0 MHz 
8.0 MHz 


RS 
600 
500 
30-50 0 
30-50 0 
20-40 0 


Co 
3.5 pF 
6.5 pF 
4-6 pF 
4-6 pF 
4-6 pF 


C1 
0.015 
pF 
0.025 pF 
0.01-0.02 
pF 
001-002 
pF 
0.01-0.02 
pF 
a 
>40 
K 
>30 
K 
>20 
K 
>20 
K 
>20 
K 


NOTE 


TlL -compatible 
oscillators 
may be 
obtained 
from: 


Motorola 
Component 
Products 
Attn: 
Data Clock 
Sales 
2553 N. Edgington 
St. 


Franklin 
Park, IL 60131 
Tel: 312-451-1000 
Telex: 
433-0067 


------------1.---- 
'RC 


Oscillator 


Stabilization 
Time, 
tRC 


• 


Port 2 can also be used to provide an interface 
for the 
serial communications 
interface 
and the timer 
input 
edge 
function. 
These configurations 
are described in PROGRAM- 


MABLE 
TIMER and SERIAL 
COMMUNICATIONS 
INTER- 


FACE (SCt). 
The port 2 high-impedance 
TTl-compatible 
output buffers 
are capable of driving one Schottky 
TTl 
load and 30 pF, or 
CMOS devices using external pullup resistors. 


PORT 3 (P30-P37) 


Port 3 can be configured 
as an I/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data 
bus depending 
on 
the 
operating 
mode. 
The 
TTL-compatible 
high- 
impedance output 
buffers can drive one Schottky 
TTL load 
and 90 pF. Unused lines can remain unconnected. 


Port 3 In Single-Chip 
Mode 


Port 3 is an 8-bit I/O port in the single-chip 
mode, with 
each line configured 
by the port 3 data direction 
register. 


There are also two lines, 153 and OS3, which can be used to 
control 
port 3 data transfers. 


Three port 3 options 
are controlled 
by the port 3 control 
and status 
register 
and 
are available 
only 
in single-chip 
mode: 
(1) port 3 input data can be latched using IS3 as a 
control signal, (21 OS3 can be generated by either an MPU 
read or write to the port 3 data register, and 13) an IRQ1 in- 
terrupt can be enabled by an IS3 negative edge. Port 3 latch 
timing is shown in Figure 5. 


PORT 3 CONTROL AND STATUS 
REGISTER 


6 
5 
320 


Bit 0-2 


Bit 3 


Not used. 


LATCH ENABLE. This bit controls the 
input latch for port 3. If set. input data 
is latched by an IS3 negative edge. The 
latch is transparent 
after a read of the 
port 3 data register. LATCH 
ENABLE 
is cleared during reset. 


OSS (Output 
Strobe 
Select). This bit 
determines 
whether 
OS3 
will 
be 
generated by a read or write of the port 
3 data register. When clear, the strobe 
is generated by a read; when set. it is 
generated 
by a write. 
OSS is cleared 
during reset. 


Not used. 


IS3 IRQ1 ENABLE. When set, an iRQj 
interrupt 
will be enabled whenever IS3 


FLAG is set; when clear, the interrupt 
is inhibited. 
This bit is cleared during 
reset. 


IS3 FLAG. This read-only status bit is 
set 
by 
an 
IS3 
negative 
edge. 
It 
is 
cleared by a read of the port 3 control 
and status register (with IS3 FLAG set) 
followed 
by a read or write to the port 
3 data register or during reset. 


Bit 5 


Bit 6 


Port 3 In Expanded Non-Multiplexed 
Mode 


Port 3 is configured 
as a bidirectional 
data bus ID7-oo) 
in 
the expanded non-multiplexed 
mode. The direction 
of data 
transfers is controlled 
by read/write 
ISC21. Data is clocked 
by E lenablel. 


Port 3 In Expanded-Multiplexed 
Mode 


Port 3 is configured 
as a time multiplexed 
address (AD-A7l 


and data bus 107-00) in the expanded-multiplexed 
modes, 
where address strobe (AS) can be used to demultiplex 
the 


two buses. Port 3 is held in a high-impedance 
state between 
valid address and data to prevent bus conflicts. 


PORT 4IP40-P47) 


Port 4 is configured 
as an 8-bit I/O port, as address out- 


puts, or as data inputs depending 
on the operating 
mode. 


Port 4 can drive one Schottky 
TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re- 


main 
unconnected. 


Port 4 In Single-Chip 
Mode 


In single-chip 
mode, port 4 functions 
as an 8-bit I/O port 


with 
each 
line 
configured 
by the 
port 
4 data 
direction 
register. 
Internal 
pullup 
resistors allow the port to directly 


interface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however, 
cannot be used. 


Port 4 In Expanded Non-Multiplexed 
Mode 


P::>rt4 is configured 
from 
reset as an B-bit input 
port, 


where the port 4 data direction register can be written to pro- 
vide any or all of eight 
address lines, AD to A7. 
Internal 
pullup resistors pull the lines high until the port 4 data direc- 
tion register is configured. 


Port 4 In Expanded-Multiplexed 
Mode 


In all expanded-multiplexed 
modes except mode 6, port 4 
functions 
as half of the address bus and provides A8 to A 15. 


In mode 6, the port is configured 
from 
reset as an B-bit 
parallel input port, where the port 4 data direction 
register 
can be written 
to provide any or all of upper address lines A8 
to A 15. Internal pullup resistors pull the lines high until the 
port 4 data direction 
register is configured, 
where bit 0 con- 


trols A8. 


The MC6801 provides 2048 bytes of on-chip 
ROM and 128 
bytes of on-chip 
RAM. 


One half of the RAM is powered through the VCC standby 


pin and is maintainable during VCC powerdown. 
This stand- 
by portion of the RAM consists of 64 bytes located from $80 
through 
$BF. 


Power must be supplied 
to VCC standby 
if the internal 
RAM 
is to be used regardless of whether 
standby 
power 
operation 
is anticipated. 


The RAM is controlled 
by the RAM control 
register. 


RAM CONTROL REGISTER ($14) 


The RAM control 
register includes two bits which can be 
used to control 
RAM accesses and determine the adequacy 
of the standby power source during powerdown 
operation. 


It is intended that RAME be cleared and STBY PWR be set 
as part of a powerdown 
procedure. 


standby RAM is not valid. This bit can 
be set only by software and is not af- 
fected during reset. 


Bit 0-5 


Bit 6 RAME 


Not used. 


RAM Enable. This read/write 
bit can 


be used to remove the entire RAM 
from the internal memory map. RAME 
is set lenabledl during reset provided 
standby power is available on the posi- 
tive edge of RESET. If RAME is clear, 
any access to a RAM address is exter- 
nal. If RAME is set and not in mode 3, 
the RAM 
is included 
in the internal 
map. 
Standby 
Power. 
This 
bit 
is 
a 


read/write 
status 
bit 
which, 
when 


once set. remains set as long as VCC 
standby 
remains above VSBB 
(mini- 
mum). As long as this bit is set follow- 
ing a period of standby operation, the 
standby power supply has adequately 
preserved 
the 
data 
in 
the 
standby 


RAM. 
If this bit is cleared during a 
period of standby 
operation, 
it indi- 
cates that VCC standby had fallen to a 
level sufficiently 
below VSBB 
(mini- 


mum) 
to 
suspect 
that 
data 
in the 


The programmable timer can be used to perform input 


waveform measurements while independently generating an 
output waveform. Pulse widths can vary from several micro- 
seconds to many seconds. A block diagram of the timer is 
shown in Figure 22. 


COUNTER ($09:0A) 
The key timer element is a 16-bit free-running 
counter 


which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: a write to the counter 
1$09) will 
preset it to $FFF8. This feature, 
intended 
for 


testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter contains all ones. 


OUTPUT COMPARE REGISTER ($OB:OC) 
The output compare register is a 16-bit read/write register 


used to control an output waveform or provide an arbitrary 
timeout flag. It is compared with the free-running counter on 
each E cycle. When a match occurs, OCF is set and OLVL is 
clocked to an output level register. If port 2, bit 1, is con- 
figured as an output, OLVL will appear at P21and the output 
compare register and OLVL can then be changed for the next 


Bit 1 
Port 2 
DDR 


Output 


Level 
Bit 1 
Port 2 


Input 
Edge 
Bit 0 
Port 2 


• 


II 


compare. The function is inhibited for one cycle after a write 
to its high byte (SOBIto ensure a valid compare. The output 
compare register is set to $FFFF at RESET. 


INPUT CAPTURE REGISTER (SOD:OE) 


The input capture register is a 16-bit read-only register 
used to store the free-running counter when a "proper" 
in- 
put transition occurs as defined by IEDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 
senses P20 even when configured as an output. 
An input 
capture can occur independently of ICF: the register always 
contains 
the most current 
value. Counter 
transfer is in- 
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E cycles to 
ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTER ($081 


The timer control and status register ITCS R) is an B-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. The three most-significant 
bits provide the timer 
status and indicate if: 


• 
a proper level transition has been detected, 


• 
a match has occurred between the free-running 
counter and the output compare register, and 


• 
the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


Output Level. OLVL is clocked to the 
output 
level register by a successful 
output compare and will appear at P21 
if bit 1 of the port 2 data direction 
register is set. It is cleared during reset. 


Input 
Edge. IEDG is cleared during 
reset and controls which level transi- 
tion will trigger a counter transfer to 
the input capture register: 
IEDG= 0 Transfer on a negative-edge 
IEDG= 1 Transfer on a positive-edge. 
Enable 
Timer 
Overflow 
Interrupt. 


When set, an IRQ2 interrupt is enabled 
for a timer overflow; 
when clear, the 
interrupt is inhibited. It is cleared dur- 
ing reset. 


Enable 
Output 
Compare 
Interrupt. 


When set, an IRQ2 interrupt is enabled 
for an output 
compare; when clear, 
the interrupt is inhibited. 
It is cleared 
during reset. 


Enable Input Capture Interrupt. When 
set, an IRQ2 interrupt is enabled for an 
input capture; when clear, the inter- 
rupt is inhibited. 
It is cleared during 
reset. 


Timer Overflow Flag. TOF is set when 
the counter 
contains 
all ones. 
It is 
cleared by reading the TCSR (with 
TOF set) then reading the counter high 
byte ($09), or during reset. 


Output 
Compare 
Flag. 
OCF is set 
when 
the 
output 
compare 
register 
matches the free-running counter. It is 
cleared by reading the TCS R (with 
OCF setl and then writing to the out- 
put compare register ($OB or $OC), or 
during reset. 
Input Capture Flag. ICF is set to in- 
dicate a proper level transition; 
it is 


cleared by reading the TCSR (with ICF 
set) and then the input capture register 
high byte ($00), or during reset. 


A full-duplex asynchronous serial communications 
inter- 


face (SCIl is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally 
in- 


dependent, but use the same da~aformat and bit rate. Serial 
data formats include standard mark/space 
(NRZ) and Bi- 


phase and both provide one start bit, eight data bits, and one 
stop bit. "Baud" 
and "bit 
rate" are used synonymously in 
the following description. 


WAKE-UP FEATURE 


In a typical serial loop multi-processor configuration, 
the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPU's to ignore the remainder of the message, a wake-up 
feature is included whereby all further SCI receiver flag (and 
interrupti processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive ones or during reset. Software must provide for 
the required idle string between consecutive messages and 
prevent it within messages. 


PROGRAMMABLE OPTIONS 


The following features of the SCI are programmable: 


• 
format: standard mark/space (NRZ) or Bi-phase 


• 
clock: external or internal bit rate clock 


• 
Baud: one of four per E clock frequency, or external 
clock ( x B desired baudl 


• 
wake-up feature: enabled or disabled 


• 
interrupt requests: enabled individually for transmitter 


and 
receiver 


• 
clock output: internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS 
REGISTERS 


The serial communications 
interface 
includes four 
ad- 


dressable registers as depicted in Figure 23. It is controlled 
by the rate and mode control 
register and the transmit/ 


receive control and status register. Data is transmitted and 


received utilizing a write-only 
transmit register and a read- 
only receive register. The shift registers are not accessible to 
software. 


time and rates for three selected MCU 
frequencies. 


CCl :CCO Clock Control 
and Format 
Select. These two bits control the for- 
mat and select the serial clock source. 
If CC1 is set, the DDR value for P22 is 
forced to the complement of CCOand 
cannot be altered until CC1 is cleared. 
If CCl is cleared after having been set, 
its DDR value is unchanged. Table 7 
defines the formats, clock source, and 
use of P22. 


Rate and Mode Control Registers (RMCRI ($10) 


The rate and mode control register controls the SCI bit 


rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least-significant 
bits control the bit rate of the internal clock and the remain- 
ing two bits control the format and clock source. 


SSl:SS0 
Speed 
Select. 
These two 
bits select the baud rate when using 
the internal clock. Four rates may be 
selected which are a function 
of the 
MCU input frequency. Table 6 lists bit 


If both CC1 and CCOare set, an external TTL-compatible 
clock must be connected 
to P22 at eight times 18X) the 


desired bit rate, but not greater than E, with a duty cycle of 
50% I± 10%). If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


NOTE: The source of SCI internal bit rate clock is the timer 
free-running counter. An MPU write to the counter 
can disturb serial operations. 


Bit 7 
Rate and Mode Control Register 
Bit 0 


1 
~$10 


Clock 


Bit 
2 


• 


Transmit/ Receive Control And Status Register 
(TRCSRI ($11) 


The transmit/ receive control 
and status register controls 
the 
transmitter, 
receiver, 
wake-up 
feature, 
and 
two 
in- 


dividual 
interrupts 
and monitors 
the status of serial opera- 


tions. 
All eight bits are readable while bits 0 to 4 are also 


writable. 
The register is initialized to $20 by RESET. 


TRANSMIT/RECEIVE 
CONTROL AND STATUS 
REGISTER (TRCSR) 


3 
2 


RE 
SOO11 


"Wake-up" 
on Idle Line. When 
set, 


WU enables the wake-up function; 
it is 
cleared 
by 
ten 
consecutive 
ones or 
during reset. WU will not set if the line 
is idle. 


Transmit 
Enable. When set, P24 DDR 
bit is set, cannot be changed, and will 
remain 
set 
if 
TE 
is 
subsequently 
cleared. 
When 
TE is changed 
from 


clear to 
set, 
the transmitter 
is con' 


nected to P24 and a preamble of nine 
consecutive 
ones is transmitted. 
TE is 
cleared during reset. 


Transmit 
Interrupt 
Enable. When set, 
an 
IRQ2 
interrupt 
is enabled 
when 
TORE is set; when clear, the interrupt 
is inhibited. 
TE is cleared during reset. 


Receive 
Enable. 
When 
set, 
the 
P23 
DDR bit is cleared, cannot be chang- 
ed, and will remain clear if RE is subse- 
quently 
cleared. While 
RE is set, the 
SCI receiver is enabled. 
RE is cleared 
during reset. 


Receiver Interrupt 
Enable. When 
set, 
an 
IRQ2 interrupt 
is enabled 
when 


RDRF and/or 
ORFE is set; when clear, 


the interrupt 
is inhibited. 
RIE is cleared 


during reset. 


Transmit 
Data Register Empty. 
TORE 


is set when the transmit data register is 
transferred 
to the output 
serial shift 


register or during reset. It is cleared by 
reading 
the TRCSR (with 
TORE sell 


and then writing 
to the transmit 
data 
register. 
Additional 
data 
will 
be 


transmitted 
only 
if 
TORE 
has been 


cleared. 


Overrun Framing Error. If set, ORFE in- 


dicates 
either 
an overrun 
or framing 
er- 


ror. An overrun is a new byte ready to 
transfer 
to the 
receiver data register 
with RDRF still set. A receiver framing 
error 
has 
occurred 
when 
the 
byte 


boundaries 
of the bit stream are not 
synchronized 
to the bit counter. 
An 


overrun 
can be distinguished 
from 
a 


framing error by the state of RDRF: if 
RDRF is set, then an overrun has oc- 
curred; 
otherwise 
a framing 
error has 


been detected. 
Data is not transferred 
to the receive data register in an over- 
run condition. 
Unframed 
data causing 


a framing 
error 
is transferred 
to the 


receive data register. However, subse- 
quent data transfer is blocked until the 
framing error flag is cleared.' 
ORFE is 
cleared by reading 
the TRCSR 
Iwith 
ORFE 
set) 
then 
the 
receive 
data 
register, or during reset. 


Receive Data Register 
Full. 
RDRF is 
set when the input serial shift register 
is 
transferred 
to 
the 
receive 
data 


register. 
It is cleared 
by reading 
the 


TRCSR Iwith RDRF setl, and then the 


receive 
data 
register. 
or during 
reset. 


SS1:SS0 
410- 
2.4576 MHz 
4.0 MHz 
4.9152 MHz 


E 
614.4 kHz 
1.0 MHz 
1.2288MHz 


0 
0 
+ 16 
26 ~s/38,400 Baud 
16~s/62,500 Baud 
13.0~sI76,BOOBaud 


0 
1 
+ 12B 
208~s/4,BOOBaud 
12B~sI7812.5 8aud 
104.2~s/9,5OOBaud 


1 
0 
+ 1024 
1.67 ms/5OOBaud 
1.024ms/976.6 Baud 
833.3~s/ 1,200 Baud 
1 
1 
+4096 
6.67 ms/150 Baud 
4.096 ms/244.1 Baud 
3.33 ms/300 Baud 
• External(P22J 
13.0~sI76,BOOBaud 
8.0 ~s/125,OOO 
Baud 
6.5 ~s/153,5OOBaud 


CC1:CCO 
Format 
Clock 
Port 2 


Source 
Bit 2 


00 
Bi-Phase Internal 
Not Used 


01 
NRZ 
Internal 
Not Used 


10 
NRZ 
Internal 
Output 


11 
NRZ 
External 
Input 


SERIAL OPERATIONS 
The SCI is initialized by writing control bytes first to the 
rate and mode control 
register and then to the transmitl 


receive control and status register. When TE is set, the out- 
put of the transmit serial shift register is connected to P24 
and serial output is initiated by transmitting a 9-bit preamble 
of ones. 
At this point one of two situations exist: 1) if the transmit 


data register is empty ITDRE= ll, 
a continuous 
string of 


ones will be sent indicating an idle line, or 2) if a byte has 
been written to the transmit-data register ITDRE=OI, it will 
be transferred to the output serial shift register (synchroniz- 
ed with the bit rate clock), TDRE will be set, and transmis- 
sion will begin. 


The start bitlOl, eight data bits Ibeginning with bitO) and a 


stop bit II), will be transmitted. If TDRE is still set when the 
next byte transfer should occur, ones will be sent until more 
data is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a one is sent: 
Receive operation is controlled by RE which configures P23 
as an input and enables the receiver. SCI data formats are il- 
lustrated in Figure 24. 


The MC6801103 is upward source and object code com- 
patible with the MC6800. Execution times of key instructions 
have been reduced and several new instructions have been 
added, including a hardware multiply. A list of new opera- 
tions added to the MC6800 instruction set is shown in Table 
1. 


In addition, two new special opo)des, 4E and 5E, are pro- 


vided for test purposes. These opcodes force the program 
counter to increment like a 16-bit counter, causing address 
lines used in the expanded modes to increment until the 
device is reset: These opcodes have no mnemonics. 


The coding of the first lor only) byte corresponding to an 


executable instruction is sufficient to identify the Instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


PROGRAMMING MODEL 


A programming model for the MC6801/03 
is shown in 
Figure 10. Accumulator 
A can be concatenated with 
ac- 


cumulator B and jointly referred to as accumulator D where 
A is the most-significant byte. Any operation which modifies 
the double accumulator 
will also modify 
accumulator 
A 
and/or B. Other registers are defined as follows: 


Program Counter 
- 
The program counter 
is a 16-bit 
register which always points to the next instruction . 


Stack Pointer - 
The stack pointer is a 16-bit register 


which contains the address of the next available location in a 
pushdown/pullup 
ILlFO) queue. The stack resides in ran- 


dom access memory at a location defined by the program- 


mer. 


Index Register - 
The index register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


Accumulators 
- 
The M PU contains two 8-bit accumu- 


lators, A and B, which are used to store operands and results 
from the arithmetic logic unit IALU!. They can also be con- 
catenated and referred to as the D Idouble) accumulator. 


Condition Code Registers - 
The condition code register 
indicates the results of an instruction 
and includes the 


following five condition bits: negative IN), zero IZ), overliow 
IV), carry/borrow 
from MSB IC), and half carry from bit 3 


IHI. These bits are testable by the conditional 
branch in- 


structions. Bit 4 is the interrupt mask II bill and Inhibits all 
maskable interrupts when set. The two unused bits, B6 and 
B7, are read as ones. 


Idle Start 
Bit 


J 
0 


Data:010011011$40) 


• 


eliminating the additional memory access. In most applica- 
tions, the 256-byte area is reserved for frequently referenced 
data. 
Extended Addressing - 
The second and third bytes of the 
instruction 
contain the absolute address of the operand. 


These are three byte instructions. 


Indexed Addressing - 
The unsigned offset contained in 
the second byte of the instruction is added with carry to the 
index register and used to reference memory without chang- 
ing the index register. These are two byte instructions. 


Inherent Addressing - 
The operandls) are registers and 
no memory reference is required. These are single byte in- 


structions. 


Relative Addressing - 
Relative addressing is used only for 


branch instructions. 
If the branch condition is true, the pro- 


gram counter is overwritten with the sum of a signed single 
byte displacement in the second byte of the instruction and 
the current program counter. This provides a branch range 
of - 126 to 129 bytes from the first byte of the instruction. 
These are two byte instructions. 


Six addressing modes can be used to reference memory. 
A summary of addressing modes for all instructions is pre- 
sent in Tables 9 through 12, where execution times are pro- 
vided in E cycles. 
Instruction 
execution 
times are sum- 


marized in Table 13. With an input frequency of 4 MHz, E 
cycles are equivalent 
to microseconds. 
A cycle-by-cycle 
description of bus activity for each instruction is provided in 
Table 14 and a description of selected instructions is shown 
in Figure 25. 


Immediate Addressing 
- 
The operand or "immediate 
bytels)" 
is contained in the following bytels) of the instruc- 


tion where the number of bytes mat~hes the size of the 
register. These are two or three byte instructions. 


Direct Addressing 
- 
The least-significant 
byte of the 
operand address is contained in the second byte of the in- 
struction and the most-significant byte is assumed to be SOO. 
Direct addressing allows the user to access SOOthrough SFF 
using two byte instructions and execution time is reduced by 


0' 
MNEM 
MODE 
- , 0. 
MNEM 
MODE 
- , 0' 
MNEM 
MODE 
- , 0. 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 


00 . 
34 
DES 
INHER 
3 
1 
68 
ASL 
lNQXD 
6 
2 
9C 
CPX 
DIR 
5 
2 
DC 
SUBS 
DIR 
3 
2 


01 
NOP 
INHER 
2 
1 
35 
TXS 
3 
1 
69 
ROL 


1 


6 
2 
90 
JSR 
¢ 


5 
2 
01 
CMPe 
3 
2 


02 
36 
P$HA 
3 
1 
6A 
DEC 
6 
2 
9E 
LOS 
4 
2 
02 
saCB 
3 
2 


03 
37 
P$HB 
3 
1 
6B 
9F 
STS 
DIR 
4 
2 
03 
ADDD 
5 
2 


04 
LSRD 
3 
I 
38 
PUlX 
5 
I 
6C 
INC 
6 
2 
AD 
SUBA 
INDXQ 
4 
2 
D4 
ANDB 
3 
2 


05 
ASLO 
3 
I 
39 
RTS 
5 
1 
60 
TST 
6 
2 
Al 
CMPA 
4 
2 
D5 
BIT8 
3 
2 


06 
TAP 
2 
I 
3A 
ABX 
3 
1 
6E 
JMP 
3 
2 
A2 
saCA 
4 
2 
D6 
lOAB 
3 
2 


07 
TPA 
2 
1 
3B 
RlI 
10 
1 
6F 
CLR 
INoxa 
6 
2 
A3 
sueD 
6 
2 
07 
STAB 
3 
2 


DB 
INX 
3 
1 
3C 
P$HX 
4 
I 
70 
NEG 
EXTNO 
6 
3 
A4 
ANDA 
4 
2 
D8 
EOAB 
3 
2 


09 
DEX 
3 
1 
3D 
MUL 
10 
I 
71 
A5 
BllA 
4 
2 
os 
ADCB 
3 
2 


OA 
CLV 
2 
1 
3E 
WAI 
9 
I 
72 
A6 
LDAA 
4 
2 
DA 
DRAB 
3 
2 


DB 
SEV 
2 
1 
3F 
SW! 
12 
1 
73 
COM 
6 
3 
A7 
STAA 
4 
2 
DB 
ADDS 
3 
2 


DC 
CLC 
2 
1 
40 
NEGA 
2 
I 
74 
LSR 
6 
3 
AB 
fORA 
4 
2 
DC 
LDD 
4 
2 


00 
SEC 
2 
1 
41 
75 
A9 
ADCA 
4 
2 
DO 
STO 
4 
2 


DE 
W 
2 
1 
42 
76 
ROR 
6 
3 
AA 
QRAA 
4 
2 
DE 
LOX 
4 
2 


OF 
SEI 
2 
1 
43 
COMA 
2 
1 
77 
ASR 
6 
3 
AB 
ADDA 
4 
2 
OF 
STX 
olR 
4 
2 


10 
SBA 
2 
1 
44 
lSRA 
2 
1 
7B 
ASL 
6 
3 
AC 
CPX 
6 
2 
EO 
SUBS 
'Noxa 
4 
2 


11 
CBA 
2 
1 
45 
79 
ROL 
6 
3 
AD 
JSR 
6 
2 
E1 
(MPB 
4 
2 


12 
46 
AQRA 
2 
1 
7A 
DEC 
6 
3 
AE 
LOS 
5 
2 
E2 
saCB 
4 
2 


13 
47 
A$RA 
2 
1 
7B 
AF 
STS 
INOXQ 
5 
2 
E3 
ADDD 
6 
2 


14 
48 
ASlA 
2 
1 
7C 
INC 
6 
3 
BO 
SUBA 
EXTND 
4 
3 
E4 
ANoa 
4 
2 


15 
49 
ROlA 
2 
1 
70 
TST 
6 
3 
Bl 
CMPA 
4 
3 
E5 
BITS 
4 
2 


16 
TAB 
2 
I 
4A 
OECA 
2 
1 
7E 
JMP 
3 
3 
B2 
saCA 
4 
3 
E6 
LDAS 
4 
2 


17 
TBA 
2 
I 
4B 
7F 
CLR 
EXTNQ 
6 
3 
B3 
SUBD 
6 
3 
E7 
STAB 
4 
2 


16 
4C 
INCA 
2 
1 
BO 
SU8A 
IMMED 
2 
2 
B4 
ANDA 
4 
3 
EB 
EORB 
4 
2 


19 
DAA 
INHER 
2 
1 
40 
TSlA 
2 
1 
Bl 
CMPA 
2 
2 
B5 
BITA 
4 
3 
E9 
ADCB 
4 
2 


IA 
4E 
T 
B2 
sacA 
2 
2 
B6 
lOAA 
4 
3 
EA 
DRAB 
4 
2 


IB 
ABA 
INHER 
2 
1 
4F 
ClRA 
2 
1 
B3 
SUBD 
4 
3 
B7 
STAA 
4 
3 
EB 
ADDS 
4 
2 


IC 
50 
NEGB 
2 
I 
B4 
ANDA 
2 
2 
BB 
EORA 
4 
3 
EC 
LDD 
5 
2 


10 
51 
as 
BITA 
2 
2 
B9 
ADCA 
4 
3 
ED 
STO 
5 
2 


IE 
52 
B6 
LDAA 
2 
2 
BA 
ORAA 
4 
3 
EE 
LOX 
• 
5 
2 


IF 
53 
COMB 
2 
1 
B7 
BB 
ADOA 
4 
3 
EF 
STX 
INDXD 
5 
2 


20 
BRA 
REL 
3 
2 
54 
LSRB 
2 
1 
88 
EORA 
2 
2 
BC 
CPX 
6 
3 
FO 
SUBB 
EX;NO 
4 
3 


21 
BRN 
~ 
3 
2 
55 
B9 
ADCA 
2 
2 
BD 
JSR 
6 
3 
Fl 
CMPB 
4 
3 


22 
BHI 
3 
2 
56 
RORB 
2 
1 
BA 
ORAA 
2 
2 
BE 
LOS 
5 
3 
F2 
SBCB 
4 
3 


23 
BLS 
3 
2 
57 
ASRB 
2 
1 
BB 
ADDA 
2 
2 
BF 
STS 
EXTND 
5 
3 
F3 
ADDD 
6 
3 


24 
BCC 
3 
2 
58 
ASLB 
2 
1 
BC 
CPX 
IMMEO 
4 
3 
CO 
SUBB 
IMMEO 
2 
2 
F4 
ANOB 
4 
3 


25 
BCS 
3 
2 
59 
ROLB 
2 
1 
BD 
BSR 
REL 
6 
2 
C1 
CMPB 
2 
2 
F5 
BITB 
4 
3 


26 
BNE 
3 
2 
5A 
OECB 
2 
1 
BE 
LOS 
IMMEO 
3 
3 
C2 
SBCB 
2 
2 
F6 
LOAB 
4 
3 


27 
BED 
3 
2 
5B 
BF 
C3 
ADOD 
4 
3 
F7 
STAB 
4 
3 


2B 
BVC 
3 
2 
5C 
INCB 
2 
1 
90 
SUBA 
DIR 
3 
2 
C4 
ANDB 
2 
2 
FB 
EORB 
4 
3 
2B 
BVS 
3 
2 
50 
TsTB 
2 
1 
91 
CMPA 
3 
2 
C5 
BITB 
2 
2 
F9 
ADCS 
4 
3 


2A 
BPL 
3 
2 
5E 
T 
92 
5BCA 
3 
2 
C6 
LDAS 
, 
2 
FA 
ORAB 
4 
3 


2B 
BMI 
3 
2 
5F 
CLRB 
INHER 
2 
1 
93 
SUSD 
5 
2 
n 
FB 
ADDS 
4 
3 


2C 
BGE 
3 
2 
60 
NEG 
INDXD 
6 
2 
94 
ANOA 
3 
2 
CB 
EORS 
2 
2 
FC 
LDD 
5 
3 


20 
BLl 
3 
2 
61 


1 


95 
SITA 
3 
2 
C9 
ADCB 
2 
2 
FD 
STO 
5 
3 


2E 
BGT 
3 
2 
62 
96 
LOAA 
3 
2 
CA 
ORAB 
2 
2 
FE 
LOX 
5 
3 


2F 
BLE 
REL 
3 
2 
B3 
COM 
6 
2 
97 
STAA 
3 
2 
CB 
ADOS 
2 
2 
FF 
STX 
EXTND 
5 
3 


30 
TSX 
INHER 
3 
1 
64 
LSR 
6 
2 
96 
EORA 
3 
2 
CC 
LDD 
3 
3 


31 
INS 


~ 


3 
1 
65 
99 
ADCA 
3 
2 
CD 
* UNDEFINED 
OP CODE 


32 
PULA 
4 
1 
66 
RDR 
6 
2 
9A 
DRAA 
3 
2 
CE 
LOX 
IMMED 
3 
3 


33 
PULB 
4 
I 
67 
ASR 
INDXD 
6 
2 
9B 
ADOA 
3 
2 
CF 


NOTES: 
AddreSSingModes 


INHER_Inherent 
INOXD.dndexed 
IMMED~lmmedia\e 


REL!lIRelative 
EXTND=Extended 
DIR.Direct 


2. Unassigned opcodes are indIcated by ..•.. 
and should not be executed 


3. Codes marked by "T" 
force the PC to function as a 16-blt counter 


Condition 
Codt:S 


Immed 
Direct 
Index 
Extnd 
Inherent 
Booeanl 
5 
4 
3 
2 
1 
0 


Pointer 
Operattans 
MNEM 
op 
- , op 
- , op 
- , op - , op - , 
Arithmetic 
Operation 
H 
I 
N 
2 
V 
C 


Compare 
Index 
Register 
CPX 
8C 
4 
3 
9C 
5 
2 
AC 
5 
2 
8C 
6 
3 
X-M.M+ 
1 
· · I I I I 


Decrement 
Index 
Register 
DEX 
09 
3 
1 
X-l-X 
· · · I · · 


Decrement 
Stack 
POinter 
DES 
34 
3 
1 
SP-l-SP 
· · · · · · 


Increment 
Index 
Register 
INX 
00 
3 
1 
X+l 
X 
· · · I · · 


Increment 
Stack 
POinter 
INS 
31 
3 
1 
1 SP+ 
1 
SP 
· · · · · · 


Load 
Index 
RegIster 
LOX 
CE 
3 
3 
DE 
4 
2 
EE 
5 
2 
FE 
5 
3 
M 
XH.lM+l1 
X 
· · 


R · 


Load 
Stack 
Pointer 
LOS 
8E 
3 
3 
9E 
4 
2 
AE 
5 
2 
BE 
5 
3 
M-SPH,IM+ll-SPL 
· · 
I 
R · 


Store 
Index 
Register 
STX 
OF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH-M,XL 
-(M+ll 
· · 
I 
R · 


Store 
S tack 
POinter 
STS 
9F 
4 
2 
AF 
5 
2 
BF 
5 
3 
SPH-M,SPL 
-IM+l1 
· · 
I 
R · 


Index 
Reg - 
Stack 
Pointer 
TXS 
35 
3 
1 
X-l-SP 
· · · · · · 


Stack 
Pntr-lndex 
Register 
TSX 
30 
3 
1 
SP+ 
1 
X 
· · · · · · 


Add 
ABX 
3A 
3 
1 
B+X-X 
· · · · · · 


Push Data 
PSHX 
3C 
4 
1 
XL 
MSp,SP 
I-SP 
· · · · · · 
XH - 
MSp,SP- 
1 - 
SP 


Pull Data 
PULX 
3B 
5 
1 
SP+l-SP,MSp-XH 
· · · · · · 
SP+l-SP,MSp-XL 


Condition 
Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 
1 
0 


Memory 
Operations 
MNEM 
op 
- , Dp 
- , op 
- , Dp 
- , Dp 
- , 
Expression 
H 
I 
N 
Z 
V 
C 


Add 
Accumulators 
ABA 
lB 
2 
1 
A+B-A 
I · I I I I 


AddStoX 
ABX 
3A 
3 
1 
OO:B+X-X 
· · · · · · 


Add 
with 
Carry 
ADCA 
B9 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
· 


ADCB 
C9 
2 
2 
OS 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
· 


Add 
ADDA 
BB 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A+M-A 
· 


ADDB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-A 
· 


Add 
Double 
AD DO 
C3 
4 
3 
03 
5 
2 
E3 
6 
2 
F3 
6 
3 
0+ 
MM+ 
1 
0 
· · 


And 
ANOA 
B4 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
· · 


R · 


ANDB 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M-B 
· · 


R · 
Shift 
Left. 
Arithmetic 
ASL 
58 
6 
2 
78 
6 
3 
- 
· · 


ASLA 
48 
2 
1 @]-illllllil 
-0 · · 


ASLB 
58 
2 
1 
b7 
bO 
· · 


Shift 
Left 
Double 
ASLO 
05 
3 
1 
· · 


Shift 
Right, 
ArithmetiC 
ASR 
67 
6 
2 
77 
6 
3 


qillill 
II 
· · 
ASRA 
47 
2 
1 
@) · · I I I I 


ASRB 
57 
2 
1 
b7 
bO 
· · I I I I 


Bit Test 
BITA 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
· · I 
R · 
BITB 
C5 
2 
2 
05 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
· · I I 
R · 
Compare 
Accumulators 
CBA 
11 
2 
1 
A-B 
· · I 
I I 


Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
OO-M 
· · 


R 
S 
R 
R 


CLRA 
4F 
2 
1 
OO-A 
· · 


R 
S 
R 
R 


CLRB 
5F 
2 
1 
OO-B 
· · 


R 
S 
R 
R 


Compare 
CMPA 
Bl 
2 
2 
91 
3 
2 
Al 
4 
2 
Bl 
4 
3 
A-M 
· · 
CMPB 
Cl 
2 
2 
01 
3 
2 
El 
4 
2 
Fl 
4 
3 
B-M 
· · I I I I 


l's 
Complement 
COM 
63 
6 
2 
73 
6 
3 
M-M 
· · I 
R 
S 


COMA 
43 
2 
1 
A-A 
· · I I 
R 
S 


COMB 
53 
2 
1 
B-B 
· · I I 
R 
S 


• 


• 


Condition 
Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 
1 
0 


Memory 
Operations 
MNEM 
Op - , Op 
- , Op 
- , Op 
- , Op 
- , 
Expression 
H 
I 
N 
2 
V 
C 


Decimal 
AdJust. 
A 
OAA 
19 
2 
1 
Ad) binary 
sum 
to BCD 
· · I I I I 


Decrement 
OEC 
6A 
6 
2 
7A 
6 
3 
M-l-M 
· · I I I · 


OECA 
4A 
2 
1 
A-l-A 
· I I I · 


OECB 
5A 
2 
1 
B-l-B 
· · I I I · 


Exclusive 
OR 
EORA 
88 
2 
2 
98 
3 
2 
AS 
4 
2 
B8 
4 
3 
AIllM 
A 
· · I I 
R · 


WRB 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
Bill 
M 
B 
· · I I 
R · 


Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+l-M 
· · I I I · 


INCA 
4C 
2 
1 
A+l-A 
· · I I I · 


INCB 
5C 
2 
1 8+1-8 
· · I I I · 


Load 
Accumulators 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
· · I I 
R · 


LOAB 
C6 
2 
2 
06 
3 
2 
06 
4 
2 
F6 
4 
3 
M-B 
· · I I 
R · 


Load 
Double 
LOD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M:M+l-D 
· · I I 
R · 


Logical 
Sh1It, 
left 
LSL 
68 
6 
2 
78 
6 
3 
· · I I I I 


LSLA 
48 
2 
1 
- 
· · I I I I 
@]-illlllill 
-0 


LSLB 
58 
2 
1 
b7 
bO 
· · I I I I 


LSLD 
05 
3 
2 
· · I I I I 


Shill 
RighI. 
Logical 
LSR 
64 
6 
2 
74 
6 
3 
- 
· · 


R I I I 


LSRA 
44 
2 
1 
0-111111111 
@] · · 


R I I I 


LSRB 
54 
2 
1 
b7 
bO 
· · 


R I I I 


LSRD 
04 
3 
1 
· · 


R I I I 


MuHiply 
MUL 
3D 
10 
1 
AxB-D 
· · · · · I 


2'5 Complement 
(Negatel 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
· · I I I I 


NEGA 
40 
2 
1 
oo-A-A 
· · I I I I 


NEGB 
50 
2 
1 
00- 
B-B 
· · I I I I 


No Operation 
NOP 
01 
2 
1 
PC+ l-PC 
· · · · · · 
Inclusive 
OR 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
· · I 
R · 
ORAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B+M-B 
· · I I 
R · 
Push Data 
P$HA 
36 
3 
1 
A-Stack 
· · · · · · 
PSHB 
37 
3 
1 
B-Stack 
· · · · · · 
Pull Data 
PULA 
32 
4 
1 
Stack-A 
· · · · · · 
PULB 
33 
4 
1 
Stack-B 
· · · · · · 
Rotate 
Left 
ROL 
69 
6 
2 
79 
6 
3 
- 
· · I I I I 


RDLA 
49 
2 
1 
@]-iIIIIIIII-t9 
· · I I I I 


ROLB 
59 
2 
1 
b7 
bO 
· · I I I I 


Rotate 
Right 
RDR 
66 
6 
2 
76 
6 
3 
- 
· · I I I I 


RORA 
46 
2 
1 
@]-IIIIIIIII-@] 
· · I I I I 


RORB 
56 
2 
1 
b7 
bO 
· · I I I I 


Subtract 
Accumulator 
SBA 
10 
2 
1 
A-B-A 
· · I I I I 


Subtract 
With Carry 
SBCA 
B2 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C-A 
· · I I I I 


SBCB 
C2 
2 
2 
D2 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C 
B 
· · I I I I 


Store 
Accumulators 
STAA 
97 
3 
2 
A7 
4 
2 
B7 
4 
3 
A-M 
· · I I 
R · 
STAB 
D7 
3 
2 
E7 
4 
2 
F7 
4 
3 
B-M 
· · I I 
R · 
STD 
DD 
4 
2 
ED 
5 
2 
FD 
5 
3 
D-M:M+l 
· · I I 
R · 
Subtract 
SUBA 
SO 
2 
2 
90 
3 
2 
AO 
4 
2 
BO 
4 
3 
A-M-A 
· · I I I I 


SUBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B-M-B 
· · I I I I 


Subtract 
Double 
SUBD 
83 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
D-M:M+l-D 
· · I I I I 


Transfer 
Accumulator 
TAB 
16 
2 
1 
A-B 
· · I I 
R · 
TBA 
17 
2 
1 
B-A 
· · I I 
R · 
Test, 
Zero 
or Minus 
TST 
6D 
6 
2 
7D 
6 
3 
M-oo 
· · I I 
R 
R 


TSTA 
4D 
2 
1 
A-oo 
· · I I 
R 
R 


TSTB 
5D 
2 
1 
B-oo 
· · I I 
R 
R 


Condition 
Code 
Heg. 


Direct 
Relative 
Index 
Extend 
Inherent 
5 
4 
3 
2 
1 
0 


Operattons 
MNEM Op - , Op - , Op , Op 
, Op , 
Branch 
Test 
H 
I 
N 
2 
V 
C 


Branch 
Atways 
BAA 
20 
3 
2 
None 
· · · · · · 


Branch 
Never 
BAN 
21 
3 
2 
None 
· · · · · · 


Branch 
If Carry 
Clear 
BCC 
24 
3 
2 
C=O 
· · · · · · 


Branch 
If Carry 
Set 
BCS 
25 
3 
2 
C-l 
· · · · · · 


Branch 
II:: Zero 
BEO 
27 
3 
2 
2=1 
· · · · · · 


Branci;lll 
i!:Zero 
BGE 
2C 
3 
2 
N61V-O 
· · · · · · 


Branch 
if >Zero 
BGT 
2E 
3 
2 
2+IN 
6l VI=O 
· · · · · · 


Branch 
If Higher 
BHI 
22 
3 
2 
C+Z-O 
· · · · · · 


Branch 
If Higher 
or Same 
BHS 
24 
3 
2 
C=O 
· · · · · · 


Branch 
If sZero 
BlE 
2F 
3 
2 
2+IN 
6l VI-I 
· · · · · · 


Branch 
If Carry 
Set 
BlO 
25 
3 
2 
C=' 
· · · · · · 
Branch 
If lower 
Or Same 
BlS 
23 
3 
2 
C+Z-l 
· · · · · · 
Branch 
If <Zero 
BlT 
20 
3 
2 
N 6l V=' 
· · · · · · 


Branch 
If Minus 
BMI 
2B 
3 
2 
N_l 
· · · · · · 
Branch 
II Not 
Equal Zero 
BNE 
26 
3 
2 
2-0 
· · · · · · 
Branch 
II Overflow 
Clear 
BVC 
2B 
3 
2 
v=o 
· · · · · 
Branch 
If Overflow 
Set 
BVS 
29 
3 
2 
V-I 
· · · · · · 
Branch 
11Plus 
BPl 
2A 
3 
2 
N=O 
· · · · · · 
Branch 
To Subroutine 
BSA 
80 
6 
2 
· · · · · · 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
See Special 
Operatlons-flgure 
25 
• · · · · 
Jump 
To Subroutine 
JSA 
90 
5 
2 
AD 6 
2 
BO 6 
3 
· · · · · 
No Operation 
NOP 
01 
2 
I 
· · · · · · 
Return 
From 
Interrupt 
AT! 
3B 10 
I 
I I I I III 


Return 
From 
Subroutine 
ATS 
39 
5 
I 
See Special 
OperatIOns-Figure 
25 
• · · · · · 
Software 
Interrupt 
SWI 
3F 12 
1 
· 


S · · · · 
Wait 
For Interrupt 
WAI 
3E 
9 
1 
· · · · · · 


Condition 
Code Register 


Inherent 
5 
4 
3 
2 
1 
0 
Operations 
MNEM 
Op - , 
Boolean Operation 
H 
I 
N 
Z 
V 
C 


Clear Carry 
CLC 
DC 
2 
1 
0 
C 
· · · · · 


R 


Clear Interrupt 
Mask 
CLI 
DE 
2 
1 
0-1 
· 


R · · · · 
Clear Overflow 
CLV 
OA 
2 
1 
O-V 
· · · · 


R · 
Set Carry 
SEC 
00 
2 
1 
l-C 
· · · · · 


S 


Set Interrupt 
Mask 
SEI 
OF 
2 
1 
1-1 
· 


S · · · · 
Set Overflow 
SEV 
DB 
2 
1 
I-V 
· · · · 


S · 
Accumulator 
A - 
CCR 
TAP 
06 
2 
1 
A-CCR 
I 
I I I I 
I 


CCA - 
Accumulator 
A 
TPA 
07 
2 
1 
CCR 
A 
· · · · · · 


CONDITION 
CODE SYMBOLS 


H 
Half-carry 
from bit 3 


I 
Interrupt mask 
N 
Negative (sign bitl 
Z 
Zero I byte) 
V 
Overflow, 
2's complement 
C 
Carry/Borrow 
from MSB 
R 
Reset Always 
S 
Set Always 
I 
Affected 


• 
Not Affected 


Operation 
Code (HexadecimaH 
Number 
of MPU 
Cycles 
Contents of memory 
location pointed to by Stack Pointer 
Number of Program Bytes 
Arithmetic 
Plus 
Ar1thmetic Minus 
Boolean 
AND 
Arithmetic 
Multiply 
Boolean Inclusive OR 


• 
Boolean Exclusive OR 
M 
Complement 
of M 


Transfer Into 
o 
Bit= Zero 
00 
Byte~ 
Zero 


• 


II 


ADDRESSING 
MODE 
! 
." 
.• 
C 
•. 
'6 
•. 
." 
U 
." 
•. 
! 
> 
•. 
c: 
" 
!;: 
E 
! 
•. 
•. 
•. 
.• 
E 
~ 
." 
.c: 
"ii 
C 
w 
.= 
.= 
0:: 


ABA 
• 
• 
• 
• 
2 
• 
ABX 
• 
• 
• 
• 
3 
• 
ADC 
2 
3 
4 
4 
• 
• 
ADD 
2 
3 
4 
4 
• 
• 
ADDD 
4 
5 
6 
6 
• 
• 
AND 
2 
3 
4 
4 
• 
• 
AsL 
• 
• 
6 
6 
2 
• 
AsLD 
• 
• 
• 
• 
3 
• 
AsR 
• 
• 
6 
6 
2 
• 
BCC 
• 
• 
• 
• 
• 
3 
BCs 
• 
• 
• 
• 
• 
3 
BEG 
• 
• 
• 
• 
• 
3 
BGE 
• 
• 
• 
• 
• 
3 
BGT 
• 
• 
• 
• 
• 
3 
BHI 
• 
• 
• 
• 
• 
3 
BHs 
• 
• 
• 
• 
• 
3 
BIT 
2 
3 
4 
4 
• 
• 
BLE 
• 
• 
• 
• 
• 
3 
BLO 
• 
• 
• 
• 
• 
3 
BLs 
• 
• 
• 
• 
• 
3 
BLT 
• 
• 
• 
• 
• 
3 
BMI 
• 
• 
• 
• 
3 
BNE 
• 
• 
• 
• 
3 
BPL 
• 
• 
• 
• 
3 
BRA 
• 
• 
• 
• 
3 
BRN 
• 
• 
• 
• 
3 
BsR 
• 
• 
• 
• 
6 
BVC 
• 
• 
• 
• 
3 
BVs 
• 
• 
• 
• 
3 
CBA 
• 
• 
• 
2 
• 
CLC 
• 
• 
• 
2 
• 
CLI 
• 
• 
• 
2 
• 
CLR 
• 
6 
6 
2 
CLV 
• 
• 
• 
2 
CMP 
2 
3 
4 
4 
• 
COM 
• 
• 
6 
6 
2 
CPX 
4 
5 
6 
6 
• 
DAA 
• 
• 
• 
• 
2 
DEC 
• 
• 
6 
6 
2 
DES 
• 
• 
• 
• 
3 
DEX 
• 
• 
• 
• 
3 
EOR 
2 
3 
4 
4 
• 
INC 
• 
• 
6 
6 
• 
INS 
• 
• 
• 
• 
3 


ADDRESSING 
MODE 
! 
." 
.• 
C 
•. 
'6 
•. 
." 
U 
." 
•. 
! 
.~ 
•. 
c: 
" 
E 
! 
! 
•. 
•. 
.!! 
E 
c 
" 
." 
.c: 
•. 
w 
.= 
.= 
0:: 


INX 
• 
• 
• 
• 
3 
• 
JMP 
• 
• 
3 
3 
• 
• 
JsR 
• 
5 
6 
6 
• 
• 
LOA 
2 
3 
4 
4 
• 
• 
LDD 
3 
4 
5 
5 
• 
• 
LOS 
3 
4 
5 
5 
• 
• 
LOX 
3 
4 
5 
5 
• 
• 
LsL 
• 
• 
6 
6 
2 
• 
LsLD 
• 
• 
• 
• 
3 
• 
LsR 
• 
• 
6 
6 
2 
• 
LsRD 
• 
• 
• 
• 
3 
• 
MUL 
• 
• 
• 
• 
10 
• 
NEG 
• 
• 
6 
6 
2 
• 
NOP 
• 
• 
• 
• 
2 
• 
ORA 
2 
3 
4 
4 
• 
• 
PsH 
• 
• 
• 
• 
3 
• 
PsHX 
• 
• 
• 
• 
4 
PUL 
• 
• 
• 
• 
4 
PULX 
• 
• 
• 
• 
5 
ROL 
• 
• 
6 
6 
2 
ROR 
• 
• 
6 
6 
2 
RTI 
• 
• 
• 
• 
10 
RTs 
• 
• 
• 
• 
5 
sBA 
• 
• 
• 
• 
2 
sBC 
2 
3 
4 
4 
• 
sEC 
• 
• 
• 
• 
2 
sEI 
• 
• 
• 
• 
2 
sEV 
• 
• 
• 
• 
2 
sTA 
• 
3 
4 
4 
• 
sTD 
• 
4 
5 
5 
• 
sTs 
• 
4 
5 
5 
• 
• 
sTX 
• 
4 
5 
5 
• 
SUB 
2 
3 
4 
4 
• 
sUBD 
4 
5 
6 
6 
• 
sWI 
• 
• 
• 
• 
12 
TAB 
• 
• 
• 
• 
2 
TAP 
• 
• 
• 
• 
2 
TBA 
• 
• 
• 
• 
2 
TPA 
• 
• 
• 
• 
2 
TsT 
• 
• 
6 
6 
2 
TsX 
• 
• 
• 
• 
3 
TXs 
• 
• 
• 
• 
3 
WAI 
• 
• 
• 
• 
9 


Table 14 provides a detailed description of the information 
present on the address bus, data bus, and the read/write 
(R/WI 
line during each cycle of each instruction. 
The information 
is useful in comparing actual with ex- 


pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 


per instruction. 
In general, instructions with the same ad- 


dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 
Note that during MPU reads of internal locations, 
the 
resultant value will not appear on the external data bus ex- 
cept in mode O. "High 
order" 
byte refers to the most- 


significant byte of a 16-bit value. 


ADC 
EaR 
2 
1 
Opeode 
Address 
1 
Opeode 


ADD 
LOA 
2 
Opeode 
Address + 1 
, 
Operand 
Data 


AND 
ORA 
BIT 
SBC 
CMP 
SUB 


LOS 
3 
1 
Opeode 
Address 
1 
Opeode 


LOX 
2 
Opeode 
Address + 1 
1 
Operand 
Data (High 
Order 
Byte) 


LDD 
3 
Opeode 
Address + 2 
1 
Operand 
Data (Low 
Order 
Byte) 


CPX 
4 
, 
Opcode Address 
1 
Upcode 


SUBD 
2 
Opeode 
Address + 1 
1 
Operand 
Data (High 
Order 
Byte) 


ADDD 
3 
Opeode 
Address + 2 
1 
Operand 
Data (Low 
Order 
Byte) 


4 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOR 
3 
1 
Opeode 
Address 
1 
Opeode 
ADD 
LDA 
2 
opeode Address + 1 
1 
Address of Operand 


AND 
ORA 
3 
Address of Operand 
1 
Operand Data 


BIT 
SBC 
CMP 
SUB 


STA 
3 
, 
Opeode 
Address 
1 
Opeode 


2 
Opeode 
Address + 1 
1 
Destination 
Address 
3 
Destination 
Address 
0 
Data from Accumulator 


LDS 
4 
, 
a peode Address 
1 
Opeode 


LDX 
2 
Opeode 
Address + 1 
, 
Address of Operand 


LDD 
3 
Address 
of Operand 
, 
Operand 
Data (High 
Order 
Byte) 


4 
Operand Address + 1 
, 
Operand Data (Low Order Byte) 


STS 
4 
1 
Opeode 
Address 
1 
Opeode 
STX 
2 
Opcode Address + 1 
, 
Address of Operand 
STD 
3 
Address of Operand 
0 
Register 
Data (High 
Order 
Byte) 
4 
Address of Operand + 1 
0 
Register Data (Low Order Byte) 


CPX 
5 
, 
Opcode Address 
, 
Opeode 


SUBD 
2 
Opeode 
Address + 1 
, 
Address of Operand 


ADDD 
3 
Operand Address 
, 
Operand 
Data (High 
Order 
Byte) 


4 
Operand Address + 1 
1 
Operand Data (Low Order Byte) 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
5 
1 
Opeode 
Address 
1 
Opeode 
2 
Opcode Address + 1 
1 
Irrelevant Data 
3 
Subroutine 
Address 
1 
First Subroutine 
Opcode 
4 
Stack Pointer 
0 
Return Address (Low Order Byte) 
5 
Stack Pointer - 
1 
0 
Return 
Address 
(High 
Order 
Byte) 


• 


Address 
Mode 
and 
Instructions 


EXTENDED 


JMP 
3 
1 
opcode 
Address 
1 
opcode 


2 
opcode 
Address + 1 
1 
Jump 
Address 
IHigh 
Order 
Byte! 
3 
opcode 
Address + 2 
1 
Jump 
Address 
(low 
Order 
By tel 


ADC 
EoR 
4 
1 
opcode 
Address 
1 
opcode 
ADD 
lOA 
2 
Gpeode Address + , 
1 
Address of Operand 
AND 
ORA 
3 
opcode 
Address + 2 
1 
Address 
of Operand 
(low 
Order 
Byte) 


BIT 
SBC 
4 
Address 
of Operand 
1 
Operand 
Data 
CMP 
SUB 


STA 
4 
1 
opcode 
Address 
1 
opcode 
2 
opcode 
Address + 1 
1 
Destination 
Address 
(High 
Order 
Byte! 


3 
opcode 
Address + 2 
1 
Destination 
Address (Low Order Byte) 


4 
Operand Destination 
Address 
0 
Data from Accumulator 


lDS 
5 
1 
Gpeode Address 
1 
opcode 
lOX 
2 
opcode 
Address + 1 
1 
Address 
of Operand 
(High 
Order 
Byte) 
lDD 
3 
opcode 
Address + 2 
1 
Address 
of Operand 
(low 
Order 
Byte) 


4 
Address of Operand 
1 
Operand 
Data (High 
Order 
Byte! 


5 
Address of Operand + 1 
1 
Operand Data (Low Order Bytel 


STS 
5 
1 
opcode 
Address 
1 
opcode 
STX 
2 
opcode 
Address + 1 
1 
Address 
of Operand 
(High 
Order 
Byte) 
STD 
3 
Gpeode Address + 2 
1 
Address 
of Operand 
(low 
Order 
Byte) 


4 
Address 
of Operand 
0 
Operand 
Data (High 
Order 
Byte) 
5 
Address of Operand + 1 
0 
Operand 
Data (low 
Order 
Byte! 


ASl 
lSR 
6 
1 
opcode 
Address 
1 
opcode 
ASR 
NEG 
2 
opcode 
Address + 1 
1 
Address 
of Operand 
IHigh 
Order 
Byte) 
ClR 
Rol 
3 
opcode 
Address + 2 
1 
Address of Operand (Low Order Byte) 
COM 
RoR 
4 
Address of Operand 
1 
Current Operand Data 
DEC 
TST* 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
INC 
6 
Address of Operand 
0 
New Operand Data 


CPX 
6 
1 
opcode 
Address 
1 
opcode 
SUBD 
2 
opcode 
Address + 1 
1 
Operand 
Address 
(High 
Order 
Byte) 
ADDD 
3 
Gpeode Address + 2 
1 
Operand 
Address 
(low 
Order 
Byte) 
4 
Operand 
Address 
1 
Operand 
Data (High 
Order 
Byte) 
5 
Operand Address + 1 
1 
Operand 
Data (low 
Order 
Byte) 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
6 
1 
opcode 
Address 
1 
opcode 
2 
opcode 
Address + 1 
1 
Address of Subroutine 
(High Order Byte) 


3 
opcode 
Address + 2 
1 
Address of Subroutine 
fLow Order Bytel 
4 
Subroutine 
Starting Address 
1 
Gpeode of Next Instruction 
5 
Stack Pointer 
0 
Return Address lLow Order Byte) 
6 
Stack Pointer- 
1 
0 
Return 
Address 
(High 
Order 
Byte) 


TABLE 
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R/IN 


Line 


JMP 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOA 
4 
1 
Opcode 
Address 
1 
Opcode 
ADD 
LOA 
2 
Opcode 
Address + 1 
1 
Offset 
AND 
OAA 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
BIT 
SBC 
4 
Index Register Plus Offset 
1 
Operand Data 
CMP 
SUB 


STA 
4 
1 
Gpeode Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Index 
Aegister 
Plus Offset 
0 
Operand 
Data 


LOS 
5 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address + 1 
1 
Offset 
LDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register Plus Offset 
1 
Operand 
Data (High 
Order 
Byte! 
5 
Index Register Plus Offset + 1 
1 
Operand Data fLow Order Byte) 


STS 
5 
1 
Opcode 
Address 
1 
Opcode 
STX 
2 
Opcode 
Address + 1 
1 
Offset 


STD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Index Register Plus Offset 
0 
Operand 
Data (High 
Order 
By tel 
5 
Index Register Plus Offset + 1 
0 
Operand 
Data (Low 
Order 
Byte! 


ASL 
LSR 
6 
1 
Opcode 
Address 
1 
Opcode 


ASA 
NEG 
2 
Opcode 
Address + 1 
1 
Offset 


CLR 
AOL 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


COM 
AOA 
4 
Index Register Plus Offset 
1 
Current Operand Data 
DEC 
TST* 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
INC 
6 
Index 
Aegister 
Plus Offset 
0 
New Operand Data 


CPX 
6 
1 
Opcode 
Address 
1 
Opcode 
SUBD 
2 
Opcode 
Address + 1 
1 
Offset 


ADDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register -+ Offset 
1 
Operand 
Data (High 
Order 
Byte! 
5 
Index Register + Offset + 1 
1 
Operand Data (Low Order Byte) 
6 
Address 
Bus FFFF 
Low Byte of Restart Vector 


JSA 
6 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register + Offset 
1 
First Subroutine 
Opcode 
5 
Stack Pointer 
0 
Return Address (Low Order Byte) 


6 
Stack Pointer - 1 
0 
Aeturn 
Address 
(High 
Order 
Byte! 


II 


• 


ABA 
DAA 
SEC 
2 
1 
Opcode Address 
1 
Opcode 


ASL 
DEe" 
SEI 
2 
Opcode 
Address + 1 
1 
Opcode of Next Instruction 


ASR 
INC 
SEV 
CBA 
LSR 
TAB 
CLC 
NEG 
TAP 
CLI 
NOP 
TBA 
CLR 
ROL 
TPA 
CLV 
ROR 
TST 
COM 
SBA 


ABX 
3 
1 
Opcode Address 
1 
Opcode 
2 
Opcode Address + 1 
1 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ASLD 
3 
1 
Opcode 
Address 
1 
Opcode 


LSRD 
2 
Opcode Address + 1 
1 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


DES 
3 
1 
Opcode Address 
1 
Opcode 


INS 
2 
Opcode 
Address + 1 
1 
Opcode of Next Instruction 


3 
PrevIous Stack POinter Contents 
1 
Irrelevant Data 


INX 
3 
1 
Opcode Address 
1 
Opcode 
DEX 
2 
Opcode 
Address + 1 
1 
Opcode of Next Instruction 


3 
Address 
Bus FFFF 
1 
Low Byte of Reslart Vector 


PSHA 
3 
1 
Op.!==ode Address 
1 
Opcode 
PSHB 
2 
Opcode 
Address + 1 
1 
Opcode of Next InstructIOn 


3 
Stack Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode Address + 1 
1 
Opcode of Next Instruction 
3 
Slack POinter 
1 
Irrelevant Data 


TXS 
3 
1 
Opcode Address 
1 
Opcode 
2 
Opcode 
Address+ 
1 
1 
Opcode of Next Instruction 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PULA 
4 
1 
Opcode Address 
1 
Opcode 
PULB 
2 
Opcode Address + 1 
1 
Opcode of Next Instruction 


3 
Stack POinter 
1 
Irrelevant Data 
4 
Stack POinter + 1 
1 
Operand Data from Stack 


PSHX 
4 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode Address + 1 
1 
Irrelevant Data 


3 
Stack POinter 
0 
Index Register (Low Order Byte) 
4 
Stack POlnter-' 
0 
Index Register (High Order Byte) 


PULX 
5 
1 
Opcode Address 
1 
Opcode 
2 
Opcode Address + 1 
1 
Irrelevant Data 
3 
Stack POinter 
1 
Irrelevant Data 
4 
Stack POinter + , 
1 
Index Register (High Order Byte) 
5 
Stack POinter + 2 
1 
Index Register (Low Order Byte) 


RTS 
5 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode Address + , 
1 
Irrelevant Data 
3 
Stack POinter 
1 
Irrelevant Data 
4 
Stack POinter + 1 
1 
Address of Next Instruction (High Order Byte) 
5 
Stack POinter + 2 
1 
Address of Next Instruction (Low Order Byte) 


WAI 
9 
1 
Opcode Address 
1 
Opcode 
2 
Opcode Address + 1 
1 
Opcode of Next Instructlon 
3 
Stack POinter 
0 
Return Address fLow Order Byte) 
4 
Stack POlnter-' 
0 
Return Address (High Order Byte) 
5 
Stack POinter - 2 
0 
Index Register fLow Order Byte) 
6 
Stack POinter - 3 
0 
Index Register (High Order Byte) 


7 
Slack POinter - 4 
0 
Contents of Accumulator 
A 
8 
Stack POinter - 5 
0 
Contents of Accumulator 
B 
9 
Stack POinter - 6 
0 
Contents 
of Condition 
Code RegIster 


Address 
Mode 
and 


Instructions 


INHERENT 


MUL 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address+ 
1 
1 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


7 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


8 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
9 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


10 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


RTI 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address+ 
1 
1 
Irrelevant Data 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack Pointer+ 
1 
1 
Contents of Condition Code Register from Stack 
5 
Stack Pointer+ 
2 
1 
Contents of Accumulator 
B from Stack 
6 
Stack Pointer+ 
3 
1 
Contents of Accumulator 
A from Stack 


7 
Stack Pointer+4 
1 
Index Register from Stack (High Order Byte) 


8 
Stack Pointer+ 
5 
1 
Index Register from Stack (Low Order Byte) 
9 
Stack Pointer+6 
1 
Next Instruction Address from Stack (High Order By tel 


10 
Stack Pointer+ 
7 
1 
Next Instruction Address from Stack (Low Order Byte) 


SWI 
12 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
0 
Return Address (Low Order Byte) 


4 
Stack Pointer-l 
0 
Return Address (High Order Byte) 
5 
Stack Pointer - 2 
0 
Index Register (Low Order Byte) 
6 
Stack Pointer-3 
0 
Index Register (High Order Byte) 


7 
Stack Pointer-4 
0 
Contents of Accumulator 
A 


8 
Stack Pointer- 
5 
0 
Contents of Accumulator 
B 
9 
Stack Pointer-6 
0 
Contents of Condition Code Register 


10 
Stack Pointer-7 
1 
Irrelevant Data 


11 
Vector 
Address 
FFFA (Hex) 
1 
Address of Subroutine 
(High Order Byte) 


12 
Vector 
Address 
FFFB (Hexl 
1 
Address of Subroutine 
(Low Order By tel 


BCC 
BHT 
BNE 
BLO 
3 
1 
Opcode Address 
1 
Opcode 


BCS 
BLE 
BPL 
BHS 
2 
Opcode Address + , 
1 
Branch Offset 


8EG 
BLS 
8RA 
BRN 
3 
Address 
Buss FFFF 
1 
Low Byte of Restart Vector 


BGE 
BLT 
BVC 
BGT 
BMI 
BVS 


BSR 
6 
1 
Opcode Address 
1 
Opcode 
2 
Opcode Address + 1 
1 
Branch Offset 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Subroutine 
Starting Address 
1 
Opcode 01 Next Instruction 
5 
Stack Pointer 
0 
Return Address (Low Order Byte) 
6 
Stack Pointer - , 
0 
Return Address (High Order Byte) 


• 


FIGURE 
25 - 
SPECIAL 
OPERATIONS 


JSR, Jump to Subroutine 


I 


E.C 
Main Program 


19D:JSR 


Direct 
K 


RTN 
Next 
Main Instr. 


K = Direct Address 


Main Program 
~ 
Stack 


I 


E.C 
IAD=JSR 
...• SP-2 


INDXD 
K=Offset 
¢ 


SP-l 


E§g 
RTN 
Next Main 
Instr. 
SP 
RTNL 


I 


Main Program 


E-' 
IBD:JSR 


SH= 
Subr. 
Addr. 


c.:> 
EXTND 


Sl= 
Subr. Addr. 
ex, 


RTN 
Next Main lnst. 
OJ 


Main Program 


$!lD= BSR 


± K= Offset 


Subroutine 


=139 


z 


=RTS 
I ¢ 


§f 
Stack 


SP-2~ 
SP-l 
RTNH 


SP 
RTNL 


~ 
Stack 


SPE§g 
SP+ 1 
RTNH 


SP+2 
RTNL 


Legend: 


RTN - Address of next instruction in Main Program to be executed upon return from subroutine 
ATNH = Most significant byte of Return Address 
ATNL = Least significant byte of Return Address 
- 
= Stack Pointer After Execution 
K = 8-bit Unsigned Value 


• 


SWI, 
Software 
Interrupt 
Main 
Program 
SP 


E.C 
13F=SWI 10.... 
SP-7 


RTN 
SP-6 


SP-S 


SP-4 


SP-3 


WAI. 
Wait 
for Interrupt 
Main 
Program 
SP-2 
~ 
I¢ 


SP-l 
13E=WAI 


RlN 
SP 


RTI, 
Return 
from Interrupt 
Interrupt 
Program 
~ 


E.C 
13B = RTI 10 


SP 


SP+ 1 


SP+2 


SP+3 


SP+4 


SP+S 


SP+6 
...• 
SP+ 7 


I 


E-' 


X+K 
,,~".{ 


CondiliOn Code 


AcmltrB 


AcmltrA 


Index Register (XH) 


Index Register/XL' 


RTNH 


RTNL 


Condition Code 


AcmltrB 


AcmltrA 


Index Register (XHI 


Index Register (XL) 


RTNH 


RTNL 


Main Program 


17Ez JMP 


KH= Next Address 


KL = Next Address 


APPENDIX 
CUSTOM 
MC6801 
ORDERING 
INFORMATION 


A.O CUSTOM 
MC6801 ORDERING INFORMATION 


The custom MC6801 specifications 
may be transmitted 
to 
Motorola 
in any of the following 
media: 


1) PROM Is) 
2) MDOS diskette 


The specification 
should be formatted 
and packed, as in- 


dicated 
in the appropriate 
paragraph 
below, 
and 
mailed 
prepaid and insured with a cover letter (see Figure A-21 to: 


Motorola 
Inc. 


MPU Marketing 
L10 


3501 Ed Bluestein Blvd. 
Austin, 
Texas 78721 


A.1 PROMs 
MCM2708 and MCM2716 type PROMs, programmed 
with 
the custom 
program 
(positive 
logic sense for address and 


data), 
may 
be 
submitted 
for 
pattern 
generation. 
The 
MC2708s must be clearly marked to indicate which 
PROM 
corresponds 
to which 
address space ($F800-$FFFFI. 
See 


Figure A-1 for recommended 
marking procedure. 


Alter the PROM Is) are marked, they should be placed in 
conductive 
IC carriers and securely 
packed. 
Do not 
use 
styrofoam. 


~ 


~ 


~6d 


A.2 DISKETIE 
(MOOS) 


The start/ end location 
should 
be written 
on the label. 


EXORciser format. 


TEMPERATURE 
RANGE 
o 0° to 70°C 
o -40 
to 85°C 
o -40 
to 105°C 


PACKAGE 
TYPE 
o Ceramic 
o Plastic 


MARKING 
o Standard 
o Special 
PATTERN 
MEDIA 
02700 
PROM 
02716 
PROM 
o Diskette 
IMDoSI 
(Note 
11 
_ 


• 


• 


,-----MC6801 
L1 - 
L1LBugTM Monitor 
----., 


An MC6801 may be purchased without 
specifying the ROM 
pattern. 
This standard 
part is labeled as MC6801 L1 and 
contains a 2K monitor 
in the ROM. The monitor, 
L1Lbug, 
may be used to evaluate 
and debug 
a program 
under 


development. 
Details and a source listing are specified in 
the" 
LILbug Manual." 


IMPORTANT 
NOTICE 


Devices made with 
mask 1T5P may generate multiple framing error 
flags in response to unframed 
data. These devices will eventually syn- 


chronize correctly after a framing error, but valid, framed data following 
an unframed 
data byte may generate false framing error flags. 


® MOTOROLA 


The MC6801U4 is an 8-bit single-chip 
microcomputer 
unit (~CU) 
which 
enhances 
the 
capabilities 
of 
the 
MC6801 
and 
significantly 
enhances the capabilities of the M6800 Family of parts. It includes an 
MC6801 
microprocessor 
unit 
IMPUI 
with 
direct 
object-code 
cem- 
patibility 
and upward object-code 
compatibility 
with the MC6800. Ex- 
ecution times of key instructions 
have been improved over the MC6800 
and the new instructions 
found on the MC6801 are included. The MCU 
can function 
as a monolithic 
microcomputer 
or can be expanded to a 
64K byte address space. It is TTL compatible and requires one + 5-lIolt 
power supply. On-chip resources include 4096 bytes of ROM, 192 bytes 
of RAM, 
a serial communications 
interface 
(SCII, parallel I/O, and a 
16-bit six-function 
prvgrammable 
timer. 
The MC6803U4 can be con- 
sidered an MC6801U4 operating in modes 2 or 3; i.e., those that do not 
use internal ROM. 


• 
Enhanced MC6800 Instruction 
Set 
• 
Upward 
Source and Object Code Compatibility 
with 
the MC6800 
and MC6801 


• 
8us Compatibility 
with the M6800 Family 


• 
8 x 8 Multiply 
Instruction 
• 
Single-Chip 
or Expanded Operation to 64K Byte Address Space 


• 
Internal Clock Generator with Divide-by-Four 
Output 


• 
Serial Communications 
Interface (SCII 


• 
16-Bit Six-Function 
Programmable 
Timer 


• 
Three Output 
Compare Functions 


• 
Two Input Capture Functions 


• 
Counter Alternate Address 
• 
4096 Bytes of ROM IMC6801U4) 


• 
192 Bytes of RAM 
• 
32 Bytes of RAM Retainable During Power Down 


• 
29 Parallel I/O and Two Handshake Control Lines 


• 
NMI Inhibited Until Stack Load 


• 
- 40°C to 85°C Temperature 
Range 


Package 
Type 
Frequency 
(MHz) 
Temperature 
Generic 
Number 


Ceramic 
1.0 
O°C to 70°C 
MC6801U4L1 
L Suffix 
1.0 
-40°C 
to 85°C 
MC6801U4CL 
1 
1.0 
O°C to 70°C 
MC6803U4L 
1.0 
-40°C 
to 85°C 
MC6803U4CL 
1 
125 
O°C to 70°C 
MC6801U4L1-1 
1.25 
O°C to 70°C 
MC6803U4L-l 


Plastic 
1.0 
O°C to 70°C 
MC6801U4Pl 
P SuffiX 
1.0 
- 40°C 
to 85°C 
MC6801 U4CPl 
1.0 
O°C to 70°C 
MC6803U4P 
1.0 
- 40°C 
to 85°C 
MC6803U4CPl 
1.25 
O°C to 70°C 
MC6801U4Pl-1 
125 
O°C to 70°C 
MC6803U4P-l 


MC6801U4 
MC6803U4 


HMOS 
(HIGH-DENSITY 
N-CHANNEL, 
SILICON-GATE) 


MICROCOMPUTER/ 
MICROPROCESSOR 


~ 


. 
P SUFFIX 


'" 
PLASTIC PACKAGE 


CASE 711 


L SUFFIX 
CERAMIC PACKAGE 


CASE 715 


PIN ASSIGNMENT 


VSS 


XTALI 
39 
SCI 


EXTAL2 
38 
SC2 


NMi 
37 
P30 


TliQl 
36 
P31 


lITSET 
35 
P32 


VCC 
34 
P33 


P20 
33 
P34 


P21 
32 
P35 


P22 
10 
31 
P36 


P23 
11 
30 
P37 


P24 
12 
29 
P40 


PlO 
13 
28 
P41 


Pl1 
14 
27 
P42 


P12 
15 
26 
P43 


P13 
16 
25 
P44 


P14 
17 
24 
P45 


P15 
18 
23 
P46 


P16 
19 
22 
P47 


P17 
20 
21 
VCC 
Standby 


I 


_:1 
~ 
-'<{ 
U</)<o:(1- 
-- 
U<n!-X 
»XWW~~ 


Expanded 
Multiplexed 


~ 
Expanded 
Non-Multiplexed 
I 
I 
Single Chip 


TIN I 
1/0 
TOUTl 
1/0 


SCLK 
1/0 
ROATA 
1/0 


TDATA 
1/0 


P37 
A7/07 
07 
110 
P36 
A6/D6 
D6 
110 
P35 
A5/05 
05 
110 
P34 
A4/D4 
D4 
110 
P33 
A3/03 
03 
110 
P32 
A2/02 
02 
110 
iRQ1 
• 


P31 
Al/OI 
01 
110 
P3Q 
AO/DO 
DO 
110 


SC2 
R/W 
R/W 
OS3 


SCI 
AS 
10S 
iS3 


P47 
Al5 
A7 
1/0 
Pl0 
TIN2 
I/O 
P46 
A14 
A6 
1/0 
Pll 
TOUT2 
1/0 
P45 
Al3 
A5 
1/0 
P12 
TOUT3 
1/0 
P44 
Al2 
A4 
1/0 
Pl3 
1/0 


P43 
All 
A3 
1/0 
Pl4 
1/0 


P42 
AIO 
A2 
1/0 
P15 
1/0 
P41 
A9 
Al 
1/0 
Pl6 
1/0 
P40 
A6 
AO 
1/0 
Pl7 
1/0 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3 
to +7.0 
V 


Operating 
Temperature 
Range 
TA 
TH toh 
'c 
MC6801U4, MC6803U4 
-0 to 70 
MC6801U4C,MC6803U4C 
-40 to 85 


Storage Temperature 
Range 
Tstg 
55 to + 150 
'c 


This device contains circuitry to protect 
the in- 


puts against 
damage 
due to high stattc vOltages 
or electric fields; however, 
it is advised that nor- 


mal precautions be taken to avoid application of 
any voltage higher than maximum rated vOltages 
to this high-Impedance 
CirCUIt. For proper 
opera- 
tion It IS recommended 
that Vin and Vout be con- 
strained to the range VSS ~ (Vin or Vout):S VCC· 
Input 
protection 
IS 
enhanced 
by 
connecting 
unused mputs to either VOO or VSS. 
Characteristic 
Symbol 
Value 
Rating 


Thermal 
Resistance 


Plastic 
6JA 
50 
'C/W 


Ceramic 
50 


The average chip-junction 
temperature, 
TJ, in 'c can be obtained from: 


TJ=TA+(PooOJA) 
(1) 
Where: 


TA" 
Ambient 
Temperature, 'c 


0JA'" 
Package Thermal Resistance, Junction-to-Ambient, 
'C/W 


PO'" PINT + PPORT 
PINT",ICCx 
VCC, Watts 
- 
Chip Internal Power 


PPORT'" Port Power Dissipation, 
Watts 
- 
User Determined 


For most applications 
PPORT<cPINT and can be neglected. 
PPORT may become significant 
if the device is configured 
to 


drive Darlington 
bases or sink LEO loads. 


An approximate 
relationship 
between 
Po and TJ (if PPORT is neglected I is: 


PD=K+(TJ+273°CI 
(2) 
Solving equations 
1 and 2 for K gives: 


K = Poo(T A + 273'CI + OJAoPD2 
(31 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring PD lat equilibrium) 
for a known TA. Using this value of K the values of PD and TJ can be obtained by solving equations (11and (21iteratively for any 
value of TA. 


CC= 
± 
. ,,,s:= 
A= 
to 
MC6l101U4 MC6l101U4-1 


Characteristic 
Symbol 
MC6l103U4 MC6l103U4-1 Unit 


Min 
Max 
Min 
Max 


Frequency of Operation 
fo 
0.5 
1.0 
05 
1.25 
MHz 


Crystal 
Frequency 
fXTAL 
20 
4.0 
2.0 
50 
MHz 


External 
Oscillator 
Frequency 
4 fo 
2.0 
40 
20 
5.0 
MHz 


Crystal Oscillator Startup Time 
tre 
- 
100 
- 
tOO 
ms 


Processor Control Setup Time 
tpcs 
200 
- 
170 
- 
ns 


• 


II 


MC6801U4, 
MC6801U4C, 


MC6803U4 
MC6803U4C 


Characteristic 
Symbol 
Min 
Max 
Min 
Max 
Unit 


Input High Voltage 
RESET 
VIH 
VSS +4.0 
VCC 
VSS + 4.0 
VCC 
V 


Other Inputs· 
VSS+2.0 
VCC 
VSS + 2.2 
VCC 


Input Low Voltage 
All Inputs' 
VIL 
VSS - 03 
VSS+O.B 
VSS -0.3 
VSS +O.B 
V 


Input 
Load Current 
Port4 
lin 
0.5 
O.B 
mA 


SCI 
- 
O.B 
- 
1.0 


Input 
Leakage 
Current 


1Vin=Oto5.5VI 
NMI,IRQ1, 
RESET 
lin 
- 
2.5 
- 
5.0 
~A 


Hi-Z IOff-Statel 
Input 
Current 
1Vin=0.5t02.4 
VI 
Port 1, Port2, 
Port 3 
ITSI 
- 
10 
- 
20 
~A 


Output 
High Voltage 


IILoad= 
-65~A, 
Vcc=Minl 
Port 4, SC1, SC2 
VOH 
VSS + 2.4 
- 
VSS + 2.4 
- 
V 


(I Load = - 100 ~A, VCC = Mini 
Other Outputs 
VSS+2.4 
- 
VSS+2.4 
- 


Output 
Low Voltage 


IILoad=2.0mA, 
VCC= 
Mini 
All Outputs 
VOL 
- 
VSS+0.5 
- 
VSS+0.6 
V 


Darlington 
Drive Current 


1VO= 1.5 VI 
Port I 
IOH 
1.0 
4.0 
1.0 
50 
mA 


Internal Power Dissipation 


(Measured 
at TA = TL in Steady-State 
Operation) * * * 
PINT 
- 
1200 
- 
1500 
mW 


Input Capacitance 


1Vin=O, 
TA=25°C, 
Port 3, Port4, 
SCI 
(in 
- 
12.5 
- 
12.5 
pF 
fo= 
1.0 MHzl 
Other Inputs 
- 
10.0 
- 
10.0 


VCC Standby 
Powerdown 
VSBB 
4.0 
5.25 
4.0 
5.25 
V 


Powerup 
VSB 
4.75 
5.25 
4.75 
525 


Standby Current 
Powerdown 
ISBB 
- 
3.0 
- 
3.5 
mA 


* Except mode programming 
levels; see Figure 16. 


* * Negotiable 
to - 100 JlA {for further information 
contact the factoryl. 


••• 
For the MC6B01U4/MC6B03U4 
h=O°C 
and for the MC6801U4C/MC6803U4C 
TL = _40° 
C 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Penpheral Data Setup Time 
'PDSU 
200 
ns 


Penpheral Data Hold Time 
tpDH 
200 
- 
- 
ns 


Delay Time, Enable Positive TranSItion to 053 
Negatlve TranSItion 
'OSDI 
- 
- 
350 
ns 


Delay Time, Enable Positive Transition to OS3 PosItive TransitIon 
'OSD2 
- 
- 
350 
ns 


Delay Time. Enable NegatIve TransItion to Pf>r1pheralData Valid 
Port 1 
'PWD 
- 
- 
350 
ns 


Port 2, 3, 4 
- 
- 
350 


Delay Time, Enable Negative TransitIon to Peripheral CMOS 
Data Valid 
'CMOS 
- 
- 
20 
"s 


Input Strobe Pulse Width 
'PWIS 
200 
- 
- 
ns 


Input Data Hold TIme 
'IH 
50 
- 
- 
ns 


Input Data Setup Time 
liS 
20 
- 
- 
ns 


PlO-P17 
P20-P24 
P40-P47 
Inputs· 


tCMOS~ 


tPWDx-i/ 
A- ----07VCC 


All Data 


POrt Outputs__________ 
Data Valid 


NOTES 
1 10 k puUup reSistor required for port 2 to reach 07 Vce 
2. Not applicable 
to P21 
3 
Port 4 cannot be pulled above VCC 


'S3=f,Jh;.w,,-f_ 


P30 P37' 
Data Valid 11 


Inputs 
~_-------- 


* Access matches output strobe select (05$=0, 
a read; 055= 
1, a write) 


NOTE: Timing measurements 
are referenced to and from a low voltage of 0.8 volts and a high VOltage 
of 2.0 volts, unless otherwise 
noted. 


FIGURE 3 - 
PORT 3 OUTPUT 
STROBE 
TIMING 
(MC6801U4 
SINGLE-CHIP 
MODEl 


MPU 
Access 
of Port 3" 


TeslPolnt~ 


C 
~R i 


~ 
-= 


C=OO pF for P30-P37, 
P40-P47, 
E, SC1, SC2 


= 30 pF for Plo-P17, 
P2o-P24 


R=37 
kG for P40-P47, 
SC1, SC2 


=24 
kG for Plo-P17, 
P2o-P24 


= 24 kG for P30-P37, 
E 


• 


• 


ldent. 
MC6801U4 
MC6801U4-1 


Number 
Characteristics 
Symbol 
MC6803U4 
MC6803U4-1 
Unit 


Min 
Max 
Min 
Max 


1 
Cycle Time 
teye 
1.0 
2.0 
0.8 
2.0 
/,s 


2 
Pulse Width. 
E Low 
PWEL 
430 
1000 
360 
1000 
ns 


3 
Pulse Width. 
E High 
PWEH 
450 
1000 
360 
1000 
ns 


4 
Clock 
Rise and Fall Time 
Ir.tf 
- 
25 
- 
25 
ns 


9 
Address 
Hold Time 
IAH 
20 
- 
20 
- 
ns 


12 
Non·Muxed 
Address Valid Time to E* 
IAV 
200 
150 
ns 


17 
Read Dala 
Selup 
Time 
IDSR 
80 
- 
70 
- 
ns 


18 
Read Data Hold Time 
tDHR 
10 
- 
10 
- 
ns 


19 
Write 
Data Delay Time 
IDDW 
- 
225 
- 
200 
ns 


21 
Write 
Data Hold Time 
IDHW 
20 
- 
20 
ns 


22 
Muxed Address Valid Time to E Rise* 
tAVM 
180 
- 
120 
- 
ns 


24 
Muxed 
Address 
Valid Time 10 AS Fall" 
tASL 
40 
- 
30 
- 
ns 


25 
Muxed 
Address 
Hold Time 
IAHL 
20 
20 
ns 


26 
Delay Time. 
E 10 AS Rise" 
IASD 
200 
- 
170 
- 
ns 


27 
Pulse Width, 
AS 
High" 
PWASH 
100 
- 
80 
- 
ns 


28 
Delay Time, AS to E Rise* 
lASED 
90 
- 
70 
- 
ns 


29 
Usable Access Time* 
(See Note 3) 
tACC 
555 
- 
435 
- 
ns 


10S. 


RiW, 
Address 
INon-Muxedl 


NOTES: 


1. Voltage 
levels shown 
are VLSO.5 
V. VH~2.4 
V. unless olherwise 
specified. 


2. 
Measurement 
points shown are 0.8 V and 2.0 V, unless otherwise specified. 


3. Usable access time is computed 
by 22+3-17+4. 


4. 
Memory 
devices should be enabled only during E high to avoid port 3 bus contention. 


5. 
Item 26 is different 
from the MC6801 
but it is upward compatible. 


INTRODUCTION 


The 
MC6801U4 
is an 8-bit 
monolithic 
microcomputer 
which can be configured 
to function 
in a wide variety of ap- 
plications. The facility which provides this extraordinary 
flex- 
ibility is its ability to be hardware programmed 
into eight dif- 
ferent 
operating 
modes. 
The operating 
mode controls 
the 
configuration 
of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent 
on the operating 
mode. 


Twenty-nine 
pins are organized 
as three 8-bit 
ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only 
data direction 
register. The data direction 
register is used to define whether 
corresponding 
bits in the 
data register are configured 
as an input 
Iclear) or output 
Isetl. 


The term 
"port" 
by itself refers to all of the hardware 
associated with the port. When the port is used as a "data 
port" 
or "I/O 
port," 
it is controlled 
by the port data direction 
register and the programmer 
has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where i identifies 
one of four ports and j indicates the par- 
ticular bit. 


The microprocessor 
unit IMPU) 
is an enhanced 
MC6800 
M PU with additional capabilities and greater throughput. 
It is 
upward 
source 
and 
object 
code 
compatible 
with 
the 
MC6800 
and 
the 
MC6801. 
The 
programming 
model 
is 
depicted in Figure 8 where accumulator 
0 is a concatenation 
of accumulators 
A and B. A list of new operations added to 
the M C6800 instruction 
set are shown in Table 1. 


The 
MC6803U4 
can be considered 
an MC6801U4 
that 
operates in modes 2 and 3 only. 


~ 
A 
0U 


7 


~ 
B 
8-Bit Accumulators 
A and 8 
~--------- 
D 
---------; 
Dr 16·Blt DoubleAccumulatorD 


Carry/Borrow 
from MSB 
Overflow 


Zero 


Negative 


Interrupt 


Half Carry (From 
Bit 31 


Instruction 
Description 


ABX 
Unsigned 
addition 
of accumulator 
B to index 
register 


ADDD 
Adds 
(without 
carry) 
the double 
accumulator 
to memory 
and leaves 
the sum 
in the double 
accumulator 


ASLD 
or LSLD 
Shifts 
the double 
accumulator 
left howards 
MSBI 
one bit, the LSB is cleared, 
and the MSB 
is shifted 
into the C bit 


BHS 
Branch 
if higher 
or same, 
unsigned 
conditional 
branch 
(same 
as Bee) 


BLO 
Branch 
if lower. 
unsigned 
conditional 
branch 
(same 
as BCS) 


BRN 
Branch 
never 


JSR 
Additional 
addressing 
mode 
direct 


LDD 
Loads 
double 
accumulator 
from 
memory 


LSL 
Shifts 
memory 
or accumulator 
left howards 
MSBI 
one bit, 
the LSB is cleared, 
and the MSB 
is shifted 
into the C bit 
(same as ASLl 


LSRD 
Shifts 
the double 
accumulator 
right 
(towards 
LSBI 
one bit. the MSB 
is cleared. 
and the LSB is shifted 
into the C bit 


MUL 
Unsigned 
multiply. 
multiplies 
the two 
accumulators 
and leaves 
the product 
in the double 
accumulator 


PSHX 
Pushes 
the index 
register 
to stack 


PULX 
Pulls the 
index 
register 
from 
stack 
sm 
Stores 
the double 
accumulator 
to memory 


SUBD 
Subtracts 
memory 
from 
the double 
accumulator 
and 
leaves 
the difference 
in the double 
accumulator 


CPX 
Internal 
processing 
modified 
to permit 
its use with 
any conditional 
branch 
instruction 


• 


II 


OPERATING 
MODES 


The MC6801 U4 provides seven different 
operating modes 
(modes 0 through 3 and 5 through 71and the MC6803U4 pro- 
vides two operating 
modes (modes 2 and 31. The operating 
modes are hardware 
selectable 
and determine 
the device 
memory map, the configuration 
of port 3, port 4, SC1, SC2, 
and the physical location of the interrupt 
vectors. 


panded multiplexed. 
Single chip is mode 7, expanded non- 


multiplexed 
is mode 5, and the remaining 
5 are expanded 
multiplexed 
modes. Table 2 summarizes 
the characteristics 
of the operating 
modes. 


FUNDAMENTAL 
MODES 


The seven operating modes (0-3, 5-7) can be grouped into 
three fundamental 
modes which 
refer to the type of bus it 
supports: 
single chip, 
expanded 
non-multiplexed, 
and ex- 


MC6801U4 SINGLE-CHIP 
MODE (7) - 
In the single-chip 
mode, 
the four 
MCU 
ports 
are configured 
as parallel in- 
put/ output data ports, as shown in Figure 9. The MCU func- 
tions as a monolithic 
microcomputer 
in this mode without 
external address or data buses. A maximum 
of 29 I/O lines 
and two 
port 3 control 
lines are provided. 
Peripherals or 
another MCU can be interfaced to port 3 in a loosely coupled 
dual-processor 
configuration, 
as shown in Figure 10. 


Single-Chip (Mode 7) 


192bytes of RAM, 4096 bytes of ROM 
Port 3 is a parallel I/O port with two control lines 
Port 4 is a parallel I/O 
port 


ExpandedNon-Mu~iplexed (Mode 5) 
192bytes of RAM, 4096bytes of ROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input portl address bus 


ExpandedMultiplexed (Modes 0, 1,2,3,6'*) 


Four memory space options !total 64K address space) 
(1) Internal RAM and ROM with partial addressbus (mode 1) 
121Internal RAM, no ROM (mode 21 
131Extendedaddressingof internal 1/0 and RAM 
(41Internal RAM and ROM with partial address bus (mode 61 
Port 3 is multIplexed address! data bus 
Port 4 is address bus (inputs/address 
in mode 6) 
Test mode (mode 0): 
May be used to test internal RAM and ROM 
May be used to test ports 3 and 4 as liD 
ports by writing Into mode 7 
Only modes 5, 6, and 7 can be irreversibly entered from mode 0 


Resources Common 
to All Modes 


Reserved register area 
Port 1 inputloutput 
operation 
Port 2 inputloutput 
operation 
Timer operation 
Serial communications 
Interface operation 


* The MC6603U4operatesonly in modes 2 and 3. 


FIGURE 9 - 
SINGLE-CHIP 
MOOE 


vCC 


Port 1 
8 I/O Lines 


16- Bit Timer 


Port 3 
8110 
Lmes 
iS3 
~ 


Port 2 
5110 
lines 


Senal I/O 
16-611 Timer 


Port 
1 
Port 3. 
Port 1 
81/0 
81/0 


Lines 
Lines 


16-Bit TImer 
OSJ 
16-Bit Timer 


Port 2 
Port 4 
5 I 0 LII18S 
81/0 
sel 
Lines 
16-611 Timer 
-= 
vSS 
Lines 
vSS 


MC6801U4 EXPANDED 
NON-MULTIPLEXED 
MODE (5) 
- 
A modest amount of external memory space is provided in 


the expanded non-multiplexed 
mode while significant on- 
chip resources are retained. Port 3 functions 
as an 8-bit 
bidirectional data bus and port 4 is configured initially as an 
input data port. Any combination of the eight least signifi- 
cant address lines may be obtained by writing to the port 4 
data direction register. Stated alternatively, any combination 
of ADto A7 may be provided while retaining the remainder as 
input data lines. Internal pullup resistors pull the port 4 lines 
high until the port is configured. 


EXPANDED 
MULTIPLEXED 
MODES (a, 1,2,3,6) 
- 
A 


64K 
byte 
memory 
space 
is provided 
in 
the 
expanded 


multiplexed modes. In each of the expanded multiplexed 
modes, port 3 functions as a time multiplexed address/data 
bus with 
address valid on the negative edge of address 
strobe (AS) and data valid while Eis high. In modes D, 2, and 
3, port 4 provides address lines A8 to A15. In modes 1and 6, 
however, port 4 initially is configured at reset as an input 
data port. The port 4 data direction 
register can then be 


changed to provide any combination of address lines A8 to 
A15. Stated alternatively, any subset of A8 to A15 can be 
provided while retaining the remaining port 4 lines as input 
data lines. Internal pullup resistors pull the port 4 lines high 
until software configures the port. In mode 1, the internal 
pullup resistors will hold the upper address lines high pro- 
ducing a value of $FFXX for a reset vector. A simple method 
of getting the desired address lines configured as outputs is 
to have an external EPROM not fully decoded so It appears at 


Figure 11 illustrates a typical system configuration 
in the 


expanded 
non-multiplexed 
mode. 
The 
MCU 
interfaces 


directly with M6800 family parts and can access 256 bytes of 
external address space at $100 through $1FF. 10S provides 
an address decode of external memory ($loo-$1FFI and can 
be used as a memory-page select or chip-select line. 


II 


II 


primarily to verify the ROM pattern and monitor 
the internal 
data bus with the automated 
test equipment. 


Only the MC6801U4 can operate in each of the expanded 
multiplexed 
modes. The MC6803U4 operates only in modes 
2 and 3. 


two 
address 
locations 
O.e., $FXXX 
and 
$BXXXI. 
Then, 
when the reset vector appears as $FFFE, the EPROM will be 
accessed and can point to an address in the top $100 bytes of 
the internal or external ROM/EPROM 
that will configure port 
4 as desired. 
In mode 0, the reset and interrupt 
vectors are located at 
$BFFO-$BFFF. 
In addition, 
the internal 
and external 
data 
buses are connected, 
so there must be no memory 
map 
overlap in order to avoid potential 
bus conflicts. 
By writing 
the PCo-PC2 bits in the port 2 data register, modes 5, 6, and 
7 can be irreversibly entered from mode O. Mode 0 is used 


Port 
1 
81/0 
16-Bit Timer 


Port 2 
5 I/O 
SCI 
Timer 


Figure 12 depicts a typical configuration 
for the expanded 
multiplexed 
modes. Address strobe can be used to control a 
transparent 
D-type 
latch 
to capture 
addresses 
AO-A7, as 
shown in Figure 13. This allows port 3 to function 
as a data 
bus when E is high. 


FIGURE t1 - 
EXPANDED 
NON-MULTIPLEXED 
CONFIGURATION 


Vcc 


XTALl 
E 


CJ 
NMi 
EXTAL2 
iRQi 
VCC 
Standby 


R'rrtf 
MC6801U4 


PorI 
1 
Port 3 
81/0 
Lines 
8 Data Lines 
16-Bit Timer 
R/IN 
Port 2 
10S 
SilO 
Lmes 
Port 4 


Serial 
1/0 
To 8 


16-BIt 
Timer 
Address 
Lines 


-= 
VSS 


I 
~ 
XTALl 
Porl3 
8 


~ 
Port 4 
8 


EXTAL2 
i!OS 
andby_ 
R/W 
F- 
MC6801U4 
E 


NMI_ 
iR'Oi- 


8 
8 
8 
.. 
8 
B 
B 


... 
•• 
.. 
.. 
r 
~ 
VSS 


RAM 
PIA 
ACIA 


(00-071 
(AO-A71 
10S 
R/IN 


E 


FIGURE 
12 - 
EXPANDED 
MULTIPLEXED 
CONFIGURATION 


VCC 


Port' 
8110 
Lines 
16-Bit Timer 


Port 3 


.8 
Lines 


AlwMultiplexed 
Data Address 


Port 2 
5110 
Lines 
Serial 110 
16-Bit Timer 


Port 4 


8 Lines 
Address 
8us 


Vcc Standby 


AESET 
NMI 
IA01 


EXTAL2 


MC6801U4 
MC6803U4 
Aiw 


Port 
1 


81/0 


16-Bit 
Timer 


Port 2 
51/0 
SCI 


Timer 


Address 
Bus 


(A().A151 


Rt"W 


I I 
G 
DC 


01 
01 


74LS373 
(Typicall 


DB 
08 


Port 3 
{ 


AddresslData 
}'"",~'"" 


} Oo.~m 


• 


PROGRAMMING 
THE MODE 


The operating 
mode is determined at RESET by the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control 
register on the 
positive edge of RESET. The operating 
mode may be read 
from the port 2 data register, as shown below, and program- 
ming levels and timing must be met as shown in Figure 14. A 
brief outline of the operating 
modes is shown in Table 3. 


Circuitry to provide the programming 
levels is dependent 


primarily 
on the normal system usage of the three pins. If 
configured 
as outputs, 
the circuit shown in Figure 15 may be 
used; otherwise, 
three-state 
buffers can be used to provide 
isolation while programming 
the mode. 


MEMORY 
MAPS 


The MC6801U41 MC6803U4 can provide 
up to 64K byte 
address space depending on the operating mode. A memory 
map for each operating mode is shown In Figure 16. The first 
32 locations of each map are reserved for the internal register 
area, as shown in Table 4, with exceptions 
as indicated. 


7 
6 


IpC2 
PC1 


5 
4 


PCO 
P24 


o 


P201 
$03 


VMPDD 


VMPL 


Mode Latch 
Level 
VMPH 
MIO 


VMPL 
Max 


Characteristic 
Symbol 
Min 
Max 
Unit 


Mode Programming 
Input Voltage 
Low 
VMPL 
- 
1.8 
V 


Mode Programming 
Input Voltage 
High 
VMPH 
40 
V 


Mode Programming 
Diode Differential 
(If Diodes are Usedl 
VMPDD 
0.6 
- 
V 


RES ET Low 
Pulse Width 
PWRsTL 
3.0 
- 
E Cycles 


Mode ProgrammIng 
Setup Time 
tMPs 
2.0 
- 
E Cycles 


Mode Programming 
Hold TIme 


RESET Rise Time>: 
I ~s 
tMPH 
0 
- 
ns 


RESET Rise T,me< 
I ~s 
100 
- 


P22 
P21 
P20 
Interrupt 
Bus 
Mode* 
PC2 
PC1 
PCO 
ROM 
RAM 
Vectors 
Mod. 
Operating 
Mod. 


7 
H 
H 
H 
I 
I 
I 
I 
s,ngle 
Chip 
6 
H 
H 
L 
I 
I 
I 
MUX12,31 
Multiplexed/Partial 
Decode 


5 
H 
L 
H 
I 
I 
I 
NMUXI2,31 
Non-Multiplexed/Partial 
Decode 


4 
H 
L 
L 
- 
- 
- 
- 
Undefinedl41 


3 
L 
H 
H 
E 
I 
E 
MUXI1.51 
Multlplexedl 
RAM 


2 
L 
H 
L 
E 
I 
E 
MUXI'I 
Multlplexedl 
RAM 


I 
L 
L 
H 
I 
I 
E 
MUXll. 
31 
Multlplexedl 
RAM 
and ROM 


0 
L 
L 
L 
I 
I 
E 
MUxl1l 
Multiplexed 
Test 


LEGEND 


1 
- 
Internal 


E - 
External 
MUX 
- 
Multiplexed 
NMUX 
- 
Non-Multiplexed 
L - 
Logic 
"0" 


H - 
Logic 
"1" 


NOTES: 


1. Addresses associated with ports 3 and 4 are considered external 
in modes O. '. 2. and 3. 


2. Addresses associated with port 3 are considered external In modes 5 and 6. 
3. Port 4 default IS user data Input; address output IS optIonal by writing to port 4 data directIon register. 
4. Mode 4 is a non-user mode and should not be used as an operating mode. 
5. Mode 3 has the internal RAM and internal regIsters relocated at SOOOO-SOOFF. 


R2 
Rl 
Rl 
Rl 
MC6801U4 
MC6803U4 


RESET 
RESET 
8 
P20 
P20 (PCOI 


P21 
P21 IPCII 
10 
P22 
P221PC21 


NOTES: 
1. Mode 7 as shown 
2 
R2·C= 
Reset time constant 
3. Rl ~ 10 k (typicall 
4. D = 1N914, 
1N4001 Itypicall 
5. Diode Vf should 
not exceed 
VMPDD 
min. 
• 


Mode 
Control 
SWItches 


SOOOOlll 


SOOlF 
Internal Registers 
MC6801 U4 


Mode 


SBFFO 
SBFFF 


SFOOO 


External Interrupt Vectors(2) 


External Memory 
Space 


NOTES: 


1) 
Excludes 
the following 
addresses 
which 
may 
be used externally: 
S04, S05, SOE, S07, and 
SOF. 
21 The interrupt 
vectors 
are at SBFFQ-SBFFF. 


3) There must be no overlapping of internal and 
external memory spaces to avoid driving the 
data bus with more than one device. 


4) 
This mode is the only mode which 
may be 
used to examine 
the entire 
ROM 
using an ex- 
ternal 
RESET vector. 
5) Modes 
5-7 can be irreversibly entered 
from 
mode 0 by writing 
to the PCO-PC2 bits of the 
port 2 data 
register. 


SFFEF 


SFFFO 


SFFFF 


NOTES: 


1) 
Excludes the following addresses which may 
be used externally: 
S05 and S07. 


2) 
Internal 
ROM 
addresses 
SFFFO to sFFFF 
are 
not usable. 


3) 
Address 
lines A8-A 15 will not contain 
ad- 
dresses until the data direction 
register for 
port 4 has been written with "'5" in the ap- 
propriate bits. These address lines will assert 
'" 5" until made outputs by writing 
the data 
direction register. 


SFFFO 


SFFFF 


MC6801U4 2 
MC6803U4 
Mode 


NOTE: 


1) 
Excludes the following addresses which may 
be used 
externally: 
$04, $05, s06, S07, and 


SOF. 


$FFFO 


$FFFF 


MC6801U4 3 
MC6803U4 
Mode 


NOTES: 


1) 
Relocating 
the internal 
registers and the inter· 


nal RAM to high memory allows the pro- 
cessor to make use of direct 
addressing. 


2) 
Excludes the following 
addresses which 
may 


be 
used 
externally: 
$0004, 
$0005, 
$0006, 
$0007, 
and $OooF. 


MC6801U4 5 
Mode 


Non-Multiplexed/Partial 
Decode 


$סס oo11J 
_ 


~ 
Internal 
Registers 
$oolF~ 


$OO4O~unusable 
Internal 
RAM 


~~~ 
External 
Memory 
Space 


$OlFF 


Unusable 
• 


NOTES: 


1) 
Excludes the following 
addresses which 
may 


not be used externally: 
$04, $06, and $OF (no 


10s!. 


2) Address lines AO to A7 will not contain ad- 


dresses until 
the data direction 
register 
for 
port 4 has been written 
with '" s" in the ap- 


propriate 
bits. These address 
lines will assert 


"15" 
until made outputs 
by writing 
the data 
direction 
register. 


• 


MC6801U4 6 
Mode 


$OOOO11} 


$OOlF 


NOTES: 


11 Excludes the following addresses which may 


be used externally: 
$04. $06. $OF. 
2) 
Address 
lines AS-A 15 will 
not contain 
ad- 


dresses until the data direction 
register for 
port 4 has been written with '" 5" in the ap· 
propriate bits. These address lines will assert 


'" 5" until made outputs by writing the data 
direction register. 


MC6801U4 7 
Mode 


Single 
Chip 


$OOOO~ 
Internal 
Registers 
$OOlF 


$0040 ~unusable 


Internal 
RAM 


SOOFF 


Unusable 


Address 
Other 


Register 
Modes 
Mode 3 


Port' 
Data Direction 
Register* 
* *סס oo 
DOOO 


Port 2 Data Direction 
Register* * * 
0001 
Dool 


Port 1 Data Register 
0002 
D002 


Port 2 Data Register 
0003 
D003 


Port 3 Data Direction 
Register* * * 
0004' 
DOO4' 
Port 4 Data Direction 
Register* * * 
()(x)5* * 
0005* 
* 


Port 3 Data Register 
0006' 
DOO8' 


Port 4 Data Register 
()(X)7* * 
0007* 
* 


Timer Control and Status Register 
0008 
DOO6 


Counter (HIgh Bytel 
0009 
DOO8 


Counter (Low Byte) 
OOOA 
DooA 


Output 
Compare 
Register (High Byte) 
OOOB 
DooB 


Output 
Compare 
Register (Low Byte) 
OOOC 
DooC 


Input Capture Register IHlgh Bytel 
OOOD 
DooD 


Input Capture Register (Low Byte) 
OOOE 
DooE 


Port 3 Control and Status Register 
OOOF' 
DooF' 


Rate and Mode Control Register 
0010 
DOlO 


Transmit/Receive 
Control and Status Register 0011 
DOll 


Receive Data Register 
0012 
D012 


Transmit 
Data Register 
0013 
D013 


RAM Control Register 
0014 
D014 


Counter Alternate 
Address (High Byte) 
0015 
D015 


Counter Alternate 
Address (Low Byte) 
0016 
D016 


Timer Control Register 1 
0017 
D017 


Timer Control Register 2 
0018 
D018 


Timer Status Register 
0019 
D019 
Output 
Compare 
Register 2 (High Byte) 
oo1A 
D01A 


Output 
Compare 
Register 2 l Low Byte) 
oo1B 
D01B 
Output Compare Register3 IHigh Bytel 
oolC 
D01C 


Output 
Compare 
Register 3 (Low Byte) 
0010 
DOlO 


Input Capture 
Register 2 (High Byte) 
oo1E 
DOlE 
Input Capture Register2 (Low Bytel 
oolF 
D01F 


* External addresses in modes 0, " 
2, 3, 5, and 6 cannot 
be 
accessed in mode 5 (no IOS) 


* * External Addresses in Modes 0, 2, and 3. 
* * *, 
= Output, 
0= Input 


MC6801U4/MC6803U4 
INTERRUPTS 


The M6801 Family supports 
two 
types 
of interrupt 
re- 


quests: maskable and non-maskable. 
A non-maskable 
inter- 
rupt INMII is always recognized and acted upon at the com- 
pletion 
of the current 
instruction. 
Maskable 
interrupts 
are 
controlled 
by the condition 
code register 
I bit and by in- 


dividual 
enable bits. The I bit controls 
all maskable inter- 
rupts. Of the maskable interrupts, 
there are two types: IRQ1 
and IRQ2. The programmable 
timer and serial communica- 
tions rnterface use an internal IRQ2 interrupt 
line, as shown 
in the block diagram. External devices and 153 use IRQ1. An 
IRQl interrupt 
is serviced before IRQ2 if both are pending. 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI generated 
before this load will be remembered by the processor 
and serviced subsequent 
to the stack pointer load. 


All IRQ2 interru pts use hardware prioritized 
vectors. 
The 
single 5CI interrupt and three timer interrupts are serviced in 
a prioritized 
order and each is vectored 
to a separate loca- 
tion. All interrupt 
vector locations 
are shown in Table 5. In 
mode 0, reset and interrupt 
vectors are defined 
as $BFFO- 
$BFFF 


The interrupt 
flowchart 
is depicted 
in Figure 
17 and is 
common 
to every interrupt 
excluding reset. During interrupt 
servicing, 
the 
program 
counter, 
index 
register, 
A 
ac- 
cumulator, 
B accumulator, 
and condition 
code register are 
pushed to the stack. The I bit is set to inhibit maskable inter- 
rupts and a vector is fetched 
corresponding 
to the current 


highest 
priority 
interrupt. 
The vector 
is transferred 
to the 


program 
counter 
and instruction 
execution 
is resumed. 
Inter- 


rupt and "I'iE""SEi 
timing are illustrated 
in Figures 18 and 19. 


Mode 0 
Modes 1-3, 5-7 
Interrupt* 
* * 
MSB 
LSB 
MSB 
LSB 
BFFE 
BFFF 
FFFE 
FFFF 
RESET 


BFFC 
BFFD 
FFFC 
FFFD 
Non-Maskable 
Interrupt* 
* 


BFFA 
BFFB 
FFFA 
FFFB 
Software 
Interrupt 
BFF8 
BFF9 
FFFB 
FFF9 
Maskable 
Interrupt 
Request 1 
BFF6 
BFF7 
FFF6 
FFF7 
Input Capture Flag* 


BFF4 
BFF5 
FFF4 
FFF5 
Output 
Compare 
Flag* 
BFF2 
BFF3 
FFF2 
FFF3 
Timer Overflow 
Flag * 
BFFO 
BFF1 
FFFO 
FFFl 
Serial Communications 
Interface* 


* IR02 
interrupt 
* * NMI 
must be armed (by accessng stack pointer) before an 
NMI 
is executed. 
* * * Mode 4 interrupt vectors are undefined. 


• 


• 


_0 


BFFC·BFFD 


8FFA·8FFB 


BFF8-BfF9 


BFF6·BFF7 


BFF4·BFFS 


BFF2-BFF3 


BFfO-BFFl 


sel- 
TIE· TORE + R1E.tRDAF + QRFEI 


lel-HeFt·Elel') 
+ (ICF2.EICI21 


OCI-IOCF1-EQClll 
+ lOCF2.EQCI21 
+ IOCF3-EOCI31 


Vector-PC 


ModM 
'·3. 
5-7 


FFFC·FFFD 


FFFA·FFFB 


FFFB·fFF9 


FFF6·FFF7 


FFF4·FFF5 


FFF2·FFF3 


FFFQ-FFFt 


Non·Mlskable Inlenu I 


Soltware 
Interrupt 


Mask.bIe 
Interrupi 
Request 1 


Input 
Capture 
Intenupt 


QUI ut Com 
Ife InteHu 
t 


T,me' Overllow 
Interrupt 


Sel 
Interrupt 


FIGURE 18 - 
INTERRUPT 
SEQUENCE 


Last Instructlon--j 


Cycle 


I 
I 
I 
I 
I 
I 
I 
I 
I 


#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 


Internal 
Address Bus 


IRQI 


NMI or IRQ2 
\ 


~~tPcs 


Internal 
Data Bus 
Op Code 
Op Code 
PC 0-7 
PC8-15 
X 0-7 
X 8-15 
ACCA 
ACC8 
CCR 
Irrelevant 
Data 


Internal R/W 
\ 
I 
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~\\\\\\\\\\\\\LJLf1 
nnsu 


VCC h--I};~~ 
I I 
tRC 


1~_r=__ 
tP_c_s 
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RESET 
---<1I 
1~ 
4.0V 
08\~-------- 


S\\\\\\\\\\\\\\\\~ ~\\\\\\\\\\\\\\\\\\\\\\\\\ \\~ 
I 
FFFE 
FFFE 
FFFE 
FFFE 
&\\\\\\\\\\\\\\~ t\\\\\\\\\\\\\\\\\\\\\\\ \\\V 


\\\\\\\\\\\\\\\\\\\~ A\\\\\\\\\\\\\\\\\\\\\\\\\\\~ 
• 
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Vcc 
AND VSS 
VCC and VSS provide power to a large portion of the 
MCU. The power supply should provide + 5 volts I ± 5%) to 
VCC and VSS should be tied to ground. Total power dissipa- 
tion (including VCC standby) will not exceed PD milliwatts. 


Vcc 
STANDBY 


VCC standby provides power to the standby portion IS40 


through 
S5F in all modes except mode 3 which is SD040 
through SD05FI of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de- 
pend on whether the device is in a power-up or power-down 
state. In the power-up state, the power supply should pro- 
vide + 5 volts I ± 5%1 and must reach VSB volts before 
RESET reaches 4.0 volts. During power down, VCC standby 
must remain above VSBB {minimuml to sustain the standby 
RAM and STBY PWR bit. While in power-down operation, 
the standby current will not exceed ISBB. 


It is typical to power both VCC and VCC standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to VCC during 
power-down 
operation. 


XTAL1 AND EXTAL 2 
These two input pins interface either a crystal or TTL- 
compatible 
clock 
to 
the 
MCU 
internal 
clock 
generator. 


Divide-by-four circuitry is included which allows use of the 
inexpensive 3.56 MHz or 4.4336 MHz color burst TV crystals. 
A 20 pF capacitor should be tied from each crystal pin to 
ground to ensure reliable startup and operation. Alternative- 
ly, EXTAL2 may be driven by an external TTL-compatible 
clock at 4 fo with a duty cycle of 50% I ± 5%1 with XTAL 1 
connected ground. 


The internal oscillator is designed to interface with an AT- 


'cut quartz crystal resonator operated in parallel resonance 
mode in the frequency 
range specified for fXTAL. 
The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time. 
The 
MCU 
is compatible 
with 
most 
commercially 


available crystals. Nominal crystal parameters are shown in 
Figure 20. 


RESET 


This input 
IS used to reset the internal state of the device 


and provide an orderly startup procedure. During power up, 
RESET must be held below 0.8 volts: 111at least tRC after 
VCC reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and {21 until VCC standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during power-up operation. 


E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four 
result of the device input clock frequency. 
It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NMI (NON-MASKABLE 
INTERRUPT) 
An NMI negative edge requests an MCU interrupt 
se- 
quence, but the current instruction will be completed before 


it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from SFFFC and 
SFFFD (SBFFC and SBFFD in mode 0), transferred to the 
program counter, and instruction execution is resumed. NMI 
typically requires a 3.3 kGlnominall 
resistor to VCC. There is 


no internal NMI pullup resistor. IifMT must be held low for at 
least one E cycle to be recognized under all conditions. 


NOTE 


After reset, an NMI will not be serviced until the first 


program load of the stack pointer. Any NMI generated 
before this load will remain pending by the processor. 


iRQ1 (MASKABLE 
INTERRUPT REQUEST 1) 
fRffi is a level-sensitive input which can be used to re- 


quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit II bit) in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from SFFF8and SFFF9(SBFF8and SBFF9 in mode 0), trans- 
ferred to the program counter, and instruction execution is 
resumed. 


fRffi 
typically 
requires 
an external 
3.3 
kG (nominall 


resistor to VCC for wire-OR applications. IRQl has no inter- 
nal pullup resistor. 


SCl AND SC2 (STROBE CONTROL 1 AND 2) 
The function of SCl and SC2 depends on the operating 


mode. SCl is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. 
SCl 
and SC2 can drive one Schottky load and 90 pF. 


SCl AND SC2 IN SINGLE-CHIP MODE - 
In single-chip 
mode, SCl and SC2 are configured as an input and output, 
respectively, and both function as port 3 control lines. SCl 
functions as IS3 and can be used to indicate that port 3 input 
data is ready or output data has been accepted. Three op- 
tions a,ssociatedwith IS3 are controlled by the port 3 control 
and status register and are discussed in the port 3 descrip- 
tion; refer to P30-P37 (PORT 31. If unused, IS3 can remain 


unconnected. 


SC2 is configured as OS3 and can be used to strobe out- 


put data or acknowledge input data. It is controlled by out- 
put strobe select lOSS) in the port 3 control 
and status 


register. The strobe is generated by a read lOSS = 0) or write 
lOSS·= 11to the port 3 data register. OS3 timing is shown in 
Figure 3. 


SCl 
AND 
SC2 
IN 
EXPANDED 
NON-MULTIPLEXED 


MODE - 
In the expanded non-multiplexed mode, both SCl 
and SC2 are configured as outputs. 
SCl 
functions 
as in- 
put/output 
select liaS) 
and is asserted only when S0100 
through SOlFF is sensed on the internal address bus. 
SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


SCl AND SC2 IN EXPANDED MULTIPLEXED MODE - 


In the expanded multiplexed modes, both SCl and SC2 are 
configured as outputs. SCl functions as address strobe and 
can be used to demultiplex the eight least significant 
ad- 


dresses and the data bus. A latch controlled 
by address 
strobe captures the lower address on the negative edge, as 
shown in Figure 13. 


3.58 MHz 
4.00 MHz 
5.0 MHz 


RS 
600 
SOO 
3J-SOO 


CO 
3.5 pF 
6.5 pF 
4-6 pF 


Cl 
0.015 pF 
0.025 pF 
0.01-0.02 
pF 


0 
>40K 
>30 
K 
>20K 


• 


NOTE 


TTL·compatlble 
oscIllators may be 
obtained from: 


Motorola 
Component 
Products 


Attn: 
Crystal 
Clock 
Oscillators 
2553 N. Edgington 
St. 


Franklin 
Park, IL 60131 
Tel: 312-451-1000 
Telex: 
433-0067 


IRC 
Oscillator 


Stabilization 
Time,lRC 


• 


SC2 is configured as read/write and is used to control the 
direction 
of data bus transfers. An MPU read is enabled 
when read/write 
and E are high. 


Plo-P17 (PORT 1) 


Port 1 is a mode independent 8-bit I/O and timer port. 


Each line can be configured as either an input or output as 
defined by the port 1 data direction register. Port 1 bits 0, 1, 
and 2 (Pl0, Pl1, and P12) can also be used to exercise one 
input edge function and two output compare functions of 
the timer. The TTL compatible three-state buffers can drive 
one Schottky TTL load and 30 pF, Darlington transistors, or 
CMOS devices using external pullup resistors. It is con- 
figured as a data input port during RESET. Unused pins can 


remain 
unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent, 
5-bit, 
multipurpose 
I/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it is tied to the timer output compare 1 function and can- 
not be used to provide output from the port 2 data register 
unless output 
enable 1 (OElI 
is cleared in timer control 
register 1. 


Port 2 can also be used to provide an interface for the 
serial communications 
interface and the timer input edge 
function. 
These configurations 
are described in SERIAL 
COMMUNICATIONS 
INTERFACE and PROGRAMMABLE 
TIMER. 
The port 2 three-state TTL-compatible output buffers are 
capable of driving one Schottky 
TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 


PORT 2 OATA 
REGISTER 


543 
2 


pca 
P24 
P23 
P22 
P21 


7 
6 


IPC2 
PCI 


P30-P37 (PORT 3) 


Port 3 can be configured as an I/O port, a bidirectional 
B-bit data bus. or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 


PORT 3 IN SINGLE-CHIP MODE - 
Port 3 is an B-bit I/O 
port in the single-chip mode with each line configured by the 
port 3 data direction register. There are also two lines, 153 
and 053, which can be used to control port 3 data transfers. 


Three port 3 options are controlled by the port 3 control 
and status 
register and are available only in single-chip 
mode: 1) port 3 input data can be latched using 153as a con- 
trol signal, 2) 053 can be generated by either an MPU read 
or write to the port 3 data register, and 31an IRQl interrupt 
can be enabled by an 153negative edge. Port 3 latch timing 
is shown in Figure 4. 


Bits 0-2 


Bit 3 


Not used. 


Latch Enable - 
This bit controls the input latch for 
port 3. If set, input 
data is latched by an 153 
negative edge. The latch is transparent after a read 
of the port 3 data register. Latch enable is cleared 
during reset. 


OSS (Output Strobe Select) - 
This bit determines 
whether 053 will be generated by a read or write of 
the port 3 data register. When clear, the strobe is 
generated by a read; when set, it is generated by a 
write. 055 
is cleared during reset. 


Not used. 


IS3 IRGl Enable - 
When set, an IRQl interrupt 
will be enabled whenever the 153 flag is set; when 
clear, the interrupt is inhibited. This bit is cleared 
during reset. 


IS3 Flag - 
This read-only status bit is set by an 153 
negative edge. It is cleared by a read of the port 3 
data register or during reset. 


Bit 5 


Bit 6 


PORT 3 IN EXPANDED NON-MULTIPLEXED 
MODE 
Port 3 is configured as a bidirectional data bus (D7-DOl in the 
expanded 
non-multiplexed 
mode. 
The direction 
of 
data 
transfers is controlled by read/write 
(SC2l. Data is clocked 
by E lenablel. 


PORT 3 IN EXPANDED MULTIPLEXED MODE - 
Port 3 is 
configured as a time multiplexed address IA7-AOl and data 
bus (o7-DOl in the expanded multiplexed mode where ad- 
dress strobe (AS) can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid ad- 
dress and data to prevent bus conflicts. 


P40-P47 (PORT 4) 


Port 4 is configured as an B-bit I/O port, as address out- 
puts. or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF, and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


PORT 4 IN SINGLE-CHIP MODE - 
In single-chip mode, 


port 4 functions as an B-bit I/O port with each line con- 
figured by the port 4 data direction register. Internal pullup 
resistors allow the port to directly interface with CMOS at 
5-volt levels. External pullup resistors to more than 5 volts, 
however, cannot be used. 


PORT 4 IN EXPANDED NON-MULTIPLEXED 
MODE 
Port 4 is configured from reset as a.-,8-bit input port where 
the port 4 data direction register can be written to provide 
any or all of eight address lines AO to A7. Internal pullup 
resistors pull the lines high until the port 4 data direction 
register is configured. 


PORT 41N EXPANDED MULTIPLEXED MODE - 
In all ex- 
panded multiplexed modes except modes 1 and 6, port 4 
functions as half of the address bus and provides A8 to A15. 
In modes 1 and 6, the port is configured from reset as an 
8-bit 
parallel input 
port where the port 4 data direction 
register can be written to provide any or all of upper address 
lines A8 to A15. Internal pullup resistors pull the lines high 
until the port 4 data direction register is configured where bit 
o controls A8. 


RESIDENT MEMORY 
The MC6801U4 provides 4096 bytes of on-chip ROM and 
192 bytes of on-chip RAM. 
Thirty-two 
bytes of the RAM are powered through the 
VCC standby pin and are maintainable during VCC power 
down. This standby portion of the RAM consists of 32 bytes 
located from S40 through S5F in all modes except mode 3 
which is SD040 through SD05F. 
Power must be supplied to VCC standby if the internal 
RAM is to be used regardless of whether standby power 
operation is anticipated. 
The RAM is controlled by the RAM control register. 


RAM CONTROL REGISTER ($141 
The RAM control register includes two bits which can be 
used to control RAM accesses and determine the adequacy 
of the standby power source during power-down operation. 
It is intended that RAME be cleared and STBY PWR be set 
as part of a power-down 
procedure. 


RAM CONTROLREGISTER 


5 
4 
3 
2 


Bits 0-5 
Not used. 


Bit 6 
RAM Enable - 
This read/write 
bit can be used to 
remove the entire RAM from the internal memory 
map. RAME is set (enabled) during reset provided 
standby power is available on the positive edge of 
RESET. If RAME is clear, any access to a RAM ad- 
dress is external. If RAME is set, the RAM is includ- 
ed in the internal map. 


Bit 7 
Standby Power - 
This bit is a read/write status bit 


which when cleared indicates that VCC standby 
has decreased sufficiently below VSBB (minimum) 
to make data in the standby RAM suspect. It can 
be set only by software and is not affected during 
reset. 


PROGRAMMABLE TIMER 
The 
programmable 
timer 
can 
be 
used 
to 
perform 
measurements on two separate input waveforms while in- 
dependently 
generating 
three 
output 
waveforms. 
Pulse 
widths 
can 
vary 
from 
several 
microseconds 
to 
many 
seconds. A block diagram of the timer is shown in Figure 21. 


COUNTER ($09:0Al, ($15, $16) 


The key timer element is a 16-bit free-running 
counter 


which is incremented by E (enablel. It is cleared during reset 
and is read-only with one exception: in mode 0 a write to the 
counter (S091will configure it to SFFF8.This feature, intend- 
ed for testing, 
can disturb serial operations because the 
counter provides the SCI internal bit rate clock. The TOF is 
set whenever the counter contains all ones. If ETOI is set, an 
interrupt will occur when the TOF is set. The counter may 
also be read as S15 and S16 to avoid inadvertently clearing 
the TOF. 


OUTPUT 
COMPARE 
REGISTERS 
($OB:OCl, ($1A:1Bl, 
($1C:1O) 


The three output compare registers are 16-bit read/write 
registers, each used to control an output waveform or pro- 
vide an arbitrary time-out flag. They are compared with the 
free-running counter during the negative half of each E cy- 
cle. When a match occurs, the corresponding output com- 
pare flag IOCFI is set and the corresponding output 
level 
(OLVU is clocked to an output level register. If both the cor- 
responding output enable bit and data direction register bit 
are set, the value represented in the output level register will 
appear on the corresponding port pin. The appropriate OLVL 
bit can then be changed for the next compare. 
The function is inhibited for one cycle after a write to its 
high byte (SOB,$1A, or S1C)to ensure a valid compare after 
a double byte write. Writes can be made to either byte of the 
output 
compare register without 
affecting 
the other byte. 
The OLVL 
value will 
be clocked 
out 
independently 
of 


whether the OCF had previously been cleared. The output 
compare registers are set to SFFFFduring reset. 


INPUT CAPTURE REGISTERS ($OD:OE),($1E:1F) 


The 
two 
input 
capture 
registers are 
16-bit read-only 
registers used to store the free-running 
counter 
when a 
"proper" 
input 
transition 
occurs as defined 
by the cor- 


responding input edge bit lIEDG1 or IEDG2). The input pin's 
data direction register should be configured as an input, but 
the edge detect circuit always senses P10 and P20 even 
when configured 
as an output. 
The counter value will be 


latched 
into 
the 
input 
capture 
registers on the second 
negative edge of the E clock following the transition. 
An input capture can occur independently 
of ICF; the 
register always contains the most current value. Counter 
transfer is inhibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at least two E 
cycles to ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTERS 


Four 
registers 
are 
used 
to 
provide 
the 
MC6801U4/ 


MC6803U4 with control and status information 
about the 
three output compare functions, 
the timer overflow 
func- 
tion, and the two input edge functions of the timer. They 
are: 
Timer Control and Status Register ITCSRI 
Timer Control Register 1 ITCR11 
Timer Control Register 2 ITCR2) 
Timer Status Register (TSRI 


• 


• 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
(TCSR) 


($08) - 
The timer 
control 
and status 
register is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be wrinen. 
All the bits in this register are also accessible 
through 
the two timer control registers and the timer status 
register. 
The three most significant 
bits provide 
the timer 
status and indicate if: 


1. a proper level transition 
has been detected at P20, 


2. a 
match 
has 
occurred 
between 
the 
free-running 
counter and output 
compare register 1, or 
3. the free-running 
counter 
has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled 
by an individual eneble bit in the TCSR. 


TIMER CONTROLAND STATUS REGISTER 


7 
6 
5 
4 
3 
2 
I 
0 


IICFt IOCFt I TOF I EICII I EDCIl I ETOIIIEDG110LVL11 
$C6 


8it 0 
Output Levell 
- 
OLVL 1 is clocked to output 
level 
register 1 by a successful output 
compare and will 


appear at P21 if bit 1 of the port 2 data direction 
register is set and the OEl control bit in timer con- 
trol 
register 
1 is set. 
OLVL1 
and 
output 
level 
register 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER 1 (TCR1) ($17). 


8it 1 
Input Edge 1 - 
IEDG1 is cleared during reset and 
controls which level transition 
on P20 will trigger a 
counter transfer to input capture register l: 
IEDGl =0 transfer on a negative-edge 
IEDGl = 1 transfer on a positive-edge 


Refer to TIMER 
CONTROL 
REGISTER 1 (TCR1) 
($17). 


8it 2 
Enable Timer Overflow 
Interrupt 
- 
When set, an 
IRQ2 interrupt 
will 
be generated 
when 
the timer 
overflow 
flag is set; when clear, the interrupt 
is in- 
hibited. 
ETOI is cleared 
during 
reset. 
Refer to 


TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 3 
Enable Output 
Compare Interrupt 
1 - 
When set, 
an IRQ2 interrupt 
will be generated 
when output 
compare flag 1 is set; when clear, the interrupt is in- 
hibited. 
EOCll 
is cleared 
during 
reset. 
Refer to 


TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 4 
Enable Input Capture Interrupt 
1 - 
When set, an 
iR02 interrupt 
will be generated when input cap- 
ture flag 1 is set; when 
clear, the interrupt 
is in- 
hibited. 
EICll 
is cleared 
during 
reset. 
Refer to 


TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 5 
Timer Overflow 
Flag - 
The TOF is set when the 
counter 
contains all ones ($FFFFI. It is cleared by 


reading the TCSR or the TSR (with TOF setl and 
the counter 
high byte ($091, or during reset. Refer 


to TIMER STATUS 
REGISTER (TSR) ($19). 


Bit 6 
Output Compare Flag 1 - 
OCFl is set when output 
compare 
register 
1 
matches 
the 
free-running 
counter. 
OCFl 
is cleared by reading the TCSR or 
the TSR (with OCFl set) and then writing to output 
compare 
register 1 ($OB or $OCI, or during 
reset. 


Refer to TIMER STATUS 
REGISTER (TSR) ($19). 


Bit 7 
Input Capture Flag - 
ICFl is set to indicate that a 


proper level transition 
has occurred; it is cleared by 
reading the TCSR or the TSR (with 
ICFl setl and 
the input capture register 1 high byte ($00). or dur- 
ing 
reset. 
Refer to TIMER 
STATUS 
REGISTER 
(TSR) ($19). 


TIMER 
CONTROL 
REGISTER 1 (TCRl) 
($17) - 
Timer 
control 
register 1 is an 8-bit read/write 
register which con- 
tains the control bits for interfacing 
the output compare and 
input capture registers to the corresponding 
I/O pins. 


7 
6 


IOE3 I OE2 


TIMER CONTROLREGISTERI 


543 
2 
t 
0 


I OEl IIEDG21IEDG1!OLVL310LVL210LVL11 


Bit a 
Output Levell 
- 
OLVL 1 is clocked to output level 
register 1 by a successful output 
compare and will 


appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit is set. OLVL 1 
and output level register 1 are cleared during reset. 
Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) ($all. 


Bit 1 
Output Level 2 - 
OLVL2 is clocked to output 
level 
register 2 by a successful output 
compare and will 
appear at Pll 
if bit 1 of port 1 data direction register 
is set and the OE2 control bit is set. OLVL2 and out- 
put level register 2 are cleared during reset. 


Bit 2 
Output Level 3 - 
OLVL3 is clocked to output 
level 
register 3 by a successful output 
compare and will 
appear at P12 if bit2 of port 1 data direction register 
is set and the OE3 control bit is set. OLVL3 and out- 
put level register 3 are cleared during reset. 


Bit 3 
Input Edge 1 - 
IEDGl is cleared during reset and 
controls which level transition 
on P20 will trigger a 
counter transfer to input capture register 1. 


IEDGl =0 transfer on a negative-edge 
IEDG1= 1 transfer on a positive-edge 


Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) ($all. 


8it 4 
Input Edge 2 - 
IEDG2 is cleared during reset and 
controls which level transition 
on P10 will trigger a 
counter transfer to input capture register 2. 
IEDG2=0 
transfer on a negative-edge 
IEDG2 = 1 transfer on a positive-edge 


Bit 5 
Output 
Enable 1 - 
OEl 
is set during 
reset and 
enables the contents of output level register lto 
be 
connected 
to P21 when bit 1 of port 2 data direc- 


tion register is set. 
OEl = 0 port 2 bit 1 data register output 
OEl = 1 output 
level register 1 


Bit 6 
Output Enable 2 - 
OE2 is cleared during reset and 
enables the contents of output level register 2 to be 
connected 
to Pll 
when bit 1 of port 1 data direc- 
tion register is set. 


oE2= 0 port 1 bit 1 data register output 
OE2 = 1 output 
level register 2 


• 


II 


Bit 7 
Output Enable 3 - 
OE3 is cleared during reset and 
enables the contents of output level register 3 to be 
connected to P12 when bit 2 of port 1 data direc- 
tion register is set 
OE3= 0 port 1 bit 2 data register output 
OE3= 1 output level register 3 


\ 


TIMER CONTROL REGISTER 2 (TCR2) ($18) - 
Timer 
control register 2 is an 8-bit read/write register (except bits 0 
and 1I which enable the interrupts associated with the free- 
running counter, the output compare registers, and the input 
capture registers. In test mode 0, two more bits (clock and 
testl are available for checking the timer. 


TIMERCONTROLREGISTER2 
(Non-TestModes) 


7 
6 
5 
4 
3 
2 


IEICI2I EICIlI EOCI31EOCI21EOCl1I ETOI 


Bits 0-1 Read-Only Bits - 
When read, these bits return a 
value of 1. Refer to TIMER CONTROL REGISTER2 
(Test Model. 


Bit 2 
Enable Timer Overflow Interrupt 
- 
When set, an 
IRQ2 interrupt 
will be generated when the timer 
overflow flag is set; when clear, the interrupt is in- 
hibited. 
ETOI is cleared during 
reset. 
Refer to 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
(TCSR) ($rel. 


Bit 3 
Enable Output Compare Interrupt 1 - 
When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 1 is set; when clear, the interrupt 
is inhibited. EOCl1 is cleared during reset. Refer to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
(TCSRI ($re). 


Bit 4 
Enable Output Compare Interrupt 2 - 
When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 2 is set; when clear, the interrupt 
is inhibited. EOCI2 is cleared during reset. 


Bit 5 
Enable Output Compare Interrupt 3 - 
When set, 


an rnm interrupt will be generated when the out- 
put compare flag 3 is set; when clear, the interrupt 
is inhibited. EOCI3 is cleared during reset. 


Bit 6 
Enable Input Capture Interrupt 1 - 
When set, an 


iRQ2 interrupt 
will be generated when the input 
capture flag 1 is set; when clear, the interrupt is in- 
hibited. 
EICl1 is cleared during 
reset. 
Refer to 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
(TCSR) ($re) 


Bit 7 
Enable Input Capture Interrupt 2 - 
When set, an 
IRQ2 interrupt 
will be generated when the input 
capture flag 2 is set; when clear, the interrupt is In- 
hibited. EICI2 is cleared during reset. 


The timer test bits (test and clock) allow the free-running 
counter to be tested as two separate 8-bit counters to speed 
testing. 


TIMERCONTROLREGISTER2 


(Test Model 


7 
654 
3 
2 
1 
0 


IEICI2I EICIlI EOCI3!EOCIZIEOCIlI ETOII TESTICLOCKI $18 


Bit 0 
CLOCK - 
The CLOCK control bit selects which 
half of the 16-bit free-running 
counter 
(MSB or 
LSBI should be clocked with E. The CLOCK bit is a 
read/write 
bit only in mode 0 and is set during 
reset. 
CLOCK = 0 - 
Only the eight most significant bits 
of the free-running counter run with TEST = O. 


CLOCK = 1 - 
Only the eight least significant bits 
of 
the 
free-running 
counter 
run 
when 
TEST= 0 


Bit 1 
TEST - 
the TEST control bit enables the timer test 
mode. TEST is a read/write bit in mode 0 and is set 
during reset. 


TEST=O - 
Timer test mode enabled: 
a) The timer LSB latch is transparent which 
allows the LSB to be read independently 
of the MSB. 


bl Either the MSB or the LSB of the timer is 
clocked by E, as defined by the CLOCK 
bit. 
TEST = 1 - 
Timer test mode disabled. 


Bits 2-7 See TIMER 
CONTROL 
REGISTER 2 (Non-Test 


Modes). !These bits function 
the same as in the 


non-test modes.) 


TIMER STATUS 
REGISTER (TSR) ($19) - 
The timer 
status register is an 8-bit read-only register which contains 
the flags associated with the free-running counter, the out- 
put compare registers, and the input capture registers. 


7 
6 


IICF2 IICFl 


TIMERSTATUS REGISTER 


5 
4 
3 
2 


I OCF31OCF21OCFl I TOF 


Bits 0-1 Not used. 


Bit 2 
Timer Overflow Flag - 
The TOF is set when the 
counter contains all ones (SFFFFI. It is cleared by 
reading the TSR or the TCSR (with TOF set) and 
then the counter high byte (S09I, or during reset. 
Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSRI ($reI. 


8it 3 
Output Compare Flag 1 - 
OCF1 is set when output 
compare 
register 
1 
matches 
the 
free-running 
counter. OCF1 is cleared by reading the TSR or the 
TCSR (with OCF1 setl and then writing to output 
compare register 1 (SOBor SOCI,or during reset. 
Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) ($rel. 


Bit 4 
Output Compare Flag 2 - 
OCF2 is set when output 
compare 
register 
2 
matches 
the 
free-running 
counter. OCF2 is cleared by reading the TSR (with 
OCF2 setl and then writing 
to output 
compare 
register 2 (SlA or SlBI, or during reset. 


Bit 5 
Output Compare Flag 3 - 
OCF3 is set when output 
compare 
register 
3 
matches 
the 
free-running 
counter. OCF3 is cleared by reading the TSR (with 
OCF3 set) and then writing 
to output 
compare 
register 3 (SlC or SlDI, or during reset. 


Bit 6 
Input Capture Flag 1 - 
ICFl is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TSR or the TCSR (with ICF1 setl and 
the input capture register 1 high byte (SOOI,or dur- 
ing 
reset. 
Refer 
to 
TIMER 
CONTROL 
AND 
STATUS REGISTER (TCSR) ($re). 


Bit 7 
Input Capture Flag 2 - 
ICF2 is set to indicate that a 
proper level transition 
has occurred; it is cleared by 
reading the TS R (with ICF2 set) and the input cap- 
ture register 2 high byte (SlE), 
or during reset. 


SERIAL COMMUNICATIONS 
INTERFACE 


A full-duplex 
asynchronous 
serial communications 
inter- 
face (SCIl is provided with two data formats and a variety of 
rates. The SCI transmitter 
and receiver are functionally 
in- 
dependent but use the same data format and bit rate. Serial 
data formats 
include 
standard 
mark/space 
INRZI 
and bi- 
phase and both provide one start bit, eight data bits, and one 
stop bit. "Baud" 
and "bit 
rate" are used synonymously 
in 
the following 
description. 


WAKE-UP 
FEATURE 


In a typical 
serial loop multiprocessor 
configuration, 
the 
software protocol will usually identify the addresseelsl at the 
beginning 
of the message. In order to permit uninterested 
MPUs to ignore 
the remainder 
of the message, wake-up 
feature is included whereby all further SCI receiver flag land 
interrupti 
processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive 
ones or during reset. Software must provide for 


the required idle string between consecutive 
messages and 
prevent it within 
messages. 


PROGRAMMABLE 
OPTIONS 


The following 
features of the SCI are programmable: 


• 
Format: standard mark/space 
INRZ) or bi-phase 


• 
Clock: external or internal bit rate clock 


• 
Baud: one of eight per E clock frequency 
or external 
clock I x 8 desired baud) 


• 
Wake-Up 
Feature: enabled or disabled 


• 
Interrupt 
Requests: enabled individually 
for transmitter 
and receiver 


• 
Clock Output: 
internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS 
REGISTERS 


The serial communications 
interface 
includes 
four 
ad- 
dressable registers as depicted in Figure 22. It is controlled 
by 
the 
rate 
and 
mode 
control 
register 
and 
the 


transmit/ receive control and status register. Data is transmit- 
ted and received utilizing a write-only 
transmit register and a 
read-only receive register. The shift registers are not accessi- 
ble to softwa"". 


Bit 7 
Rate and Mode Control Register 
Bit 0 
B 
~$10 


Clock 


Bit 
2 


• 
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RATE AND MODE CONTROL REGISTER (RMCR) ($10) 


- 
The rate and mode control 
register controls 
the SCI bit 
rate, format, 
clock source, and under certain conditions, 
the 


configuration 
of P22. The register consists of five write-only 


bits which are cleared during reset. The two least significant 
bits in conjunction 
with bit 7 control the bit rate of the inter- 


nal clock and the remaining two bits control the format and 
clock source. 


for P22 is forced to the complement 
of CCOand 
cannot be altered until CC1 is cleared. If CCl is 
cleared after having been set, its DDR value is 
unchanged. 
Table 7 defines the formats, 
clock 
source, and use of P22. 


Not used. 
Bits 4-6 


Bit 7 


RATEAND MODE CONTROLREGISTER 


7 
6 
5 
4 
3 
2 
1 
0 


I EBE 
X 
X 
X I CCl I cco I SS1 I sso I $10 


EBE Enhanced Baud Enable - 
EBE selects the 


standard MC6801 baud rates when clear and the 
additional 
baud rates when set ITable 61. This 


bit is cleared by reset and is a write-only 
control 
bit. 


EBE=o 
standard MC6801 baud rates 


EBE= 1 additional 
baud rates 


If both CC1 and CCO are set, an external TTL-compatible 


clock 
must be connected 
to P22 at eight times 
18x) 
the 
desired bit rate, but not greater than E, with a duty cycle of 
50% I± 10%1. If CC1:CCo= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


Bit 1:Bit a 
SS1:SSa Speed Select - 
These two bits select 
the baud when 
using the internal clock. 
Eight 
rates may be selected (in conjunction 
with bit 7) 


which are a function 
of the MCU input frequen- 


cy. 
Table 6 lists bit time 
and rates for three 
selected MCU frequencies. 


Bit 3:Bit 2 
CC1:CCa Clock Control 
and Format Select 
- 


These two bits control the format and select the 
serial clock source. If CCl is set, the DDR value 


NOTE 


The source of SCI internal bit rate clock is the timer 


free-running 
counter. 
An MPU write to the counter in 
mode a can disturb serial operations. 


4fo- 
2.4576MHz 
4.0 MHz 
4.9152 MHz 
EBE 
SS1:SS0 
614.4 kHz 
1.0 MHz 
1.2288MHz 
E 
Baud 
Time 
Baud 
Time 
Baud 
Time 


0 
0 
0 
+ 16 
38400.0 
26 ps 
625000 
16.0 
ps 
768000 
13.0 
ps 
0 
0 
1 
+12B 
4800.0 
208.3 
ps 
78125 
128.0 
ps 
9500.0 
104.2 
ps 


0 
1 
0 
+ 1024 
6000 
1.67 ms 
976.6 
1.024ms 
1200.0 
833.3 
ps 
0 
1 
1 
+4096 
150.0 
6.67 ms 
244.1 
4.096 ms 
300.0 
3.33 ms 


1 
0 
0 
+64 
9500.0 
104.2 
ps 
15625.0 
64 ps 
19200.0 
52.0 
ps 


1 
0 
1 
+256 
2400.0 
416.6 
ps 
3906.3 
256 ps 
4800.0 
208.3 
ps 


1 
1 
0 
+512 
1200.0 
833.3 
ps 
1953.1 
512 
ps 
2400.0 
416.6 
ps 


1 
1 
1 
+2048 
300.0 
3.33 ms 
488.3 
2.05 ms 
600.0 
1.67ms 


External(P221' 
76800.0 
13.0 
ps 
125000.0 
8.0 
ps 
153600.0 
6.5 
ps 


CC1:CCO 
Format 
Clock 
Pon 2 


Source 
Bit 2 


00 
Bi-Phase 
Internal 
Not Used 


01 
NAZ 
Internal 
Not Used 
10 
NAZ 
Internal 
Output 
11 
NAZ 
External 
Input 


TRANSMIT/RECEIVE 
CONTROL 
AND 
STATUS 
REGISTER tTRCSR) ($11) - 
The transmit/receive 
control 
and status register controls the transmitter, receiver, wake- 
up feature, and two individual interrupts, and monitors the 
status of serial operations. All eight bits are readable while 
bits 0 to 4 are also writable. The register is initialized to $20 
by RESET. 


TRANSMIT/RECEIVE 
CONTROL 
AND 
STATUS 
REGISTER 


7 
6 
5 
4 
3 
2 
1 
0 


IRDRF 
I ORFE I TORE 
I RIE 
I 
RE I 
TIE 
I 
TE 
I 
WU 
I 
$11 


Bit 0 
"Wake-Up" 
on Idle Line - 
When set, WU enables 
the wake-up 
function; 
it is cleared by ten con- 


secutive ones or during reset. WU will not be set if 
the line is idle. Refer to WAKE-UP FEATURE. 


Bit 1 
Transmit Enable - 
When set, P24 OOR bit is set, 
cannot be changed, and will remain set if TE is 
subsequently cleared. When TE is changed from 
clear to set, the transmitter is connected to P24and 
a preamble of nine consecutive ones is transmitted. 
TE is cleared during reset. 


Bit 2 
Transmit Interrupt Enable - 
When set, an IRQ2 is 
set; when clear, the interrupt 
is inhibited. 
TE is 
cleared during reset. 


Bit 3 
Receive Enable - 
When set, the P23 OOR bit is 


cleared, cannot be changed, and will remain clear if 
REis subsequently cleared. While REis set, the SCI 
receiver is enabled. RE is cleared during reset. 


Bit 4 
Receiver Interrupt Enable - 
When set. an IRQ2 in- 


terrupt is enabled when RORF and/or ORFE is set; 
when clear, the interrupt is inhibited. RIE is cleared 
during reset. 


Bit 5 
Transmit Data Register Empty - 
TORE is set when 
the transmit data register is transferred to the out- 
put serial shift register or during reset. It is cleared 
by reading the TRCSR (with TORE setl and then 
writing 
to the transmit 
data register. Additional 
data will 
be transmitted 
only if TORE has been 
cleared. 


Bit 6 
Overrun Framing Error - 
If set, ORFE indicates 
either an overrun or framing error. An overrun is a 
new byte ready to transfer to the receiver data 
register with RORFstill set. A receiver framing error 
has occurred when the byte boundaries of the bit 
stream are not synchronized to the bit counter. An 
overrun can be distinguished from a framing error 
by the state of RORF: if RORF is S9t, then an over- 
run has occurred; otherwise, a framing error has 
been detected. 
Data is not 
transferred 
to 
the 
receive data register in an overrun condition. Un- 
framed data causing a framing error is transferred 
to the receive data register. However, subsequent 
data transfer is blocked until the framing error flag 
is cleared. ORFE is cleared by reading the TRCSR 
(with ORFE setl then the receive data register, or 
during reset. 


Bit 7 
Receive Data Register Full - 
RORF is set when the 
input serial shift register is transferred to the receive 
data register, or during reset. 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the 
rate 
and 
mode 
control 
register 
and 
then 
to 
the 
transmit/receive 
control and status register. When TE is set, 
the output of the transmit serial shift register is connected to 
P24 and serial output 
is initiated 
by transmitting 
a 9-bit 
preamble of ones. 
At this point. one of two situations exists: 11if the transmit 
data register is empty ITORE= 11, a continuous 
string of 
ones will be sent indicating an idle line; or 21 if a byte has 
been written to the transmit data register ITORE=O), it will 
be transferred to the output 
serial shift register (synchro- 
nized with the bit rate clockl, TORE will be set. and transmis- 
sion will begin. 


The start bit (0), eight data bits (beginning with bit 0), and 
a stop bit (11will be transmitted. If TORE is still set when the 
next byte transfer occurs, ones will be sent until more data is 
provided. In bi-phase format, the output toggles at the start 
of each bit and at half-bit time when a one is sent. Receive 
operation is controlled by REwhich configures P23 as an in- 
put and enables the receiver. SCI data formats are illustrated 
in Figure 23. 


I 
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INSTRUCTION SET 


The MC6801U4/MC6803U4 is directly source compatible 
with the MC6801 and upward source and object code com- 
patible with the MC6800. Execution times of key instructions 
have been reduced and several instructions 
have been 


added, including a hardware multiply. A list of new opera- 
tions added to the MC6800 instruction 
set is shown 
in 
Table 1 
In addition, two special opcodes, 4E and 5E, are provided 


for test purposes. These opcodes force the program counter 


to increment like a 16-bit counter causing address lines used 
in the expanded modes to increment until the device is reset. 
These opcodes have no mnemonics. 


The coding of the first lor only) byte corresponding to an 


executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODe 
- , 


00 · 


34 
DES 
lNHER 
3 
1 
68 
ASL 
INOXO 
6 
2 
9C 
CPX 
OIR 
5 
2 
00 
SUBS 
OIR 
3 
2 


01 
NOP 
INHER 
2 
1 
35 
TXS 
3 
1 
69 
ROL 


1 


6 
2 
90 
JSR 
~ 


5 
2 
01 
CMPB 
3 
2 


02 
36 
PSHA. 
3 
1 
6A 
OEC 
6 
2 
9E 
LOS 
4 
2 
02 
saCB 
3 
2 


03 
37 
P5HB 
3 
1 
6B 
9F 
STS 
DIR 
4 
2 
03 
ADOD 
5 
2 


04 
lSAD 
3 
1 
3B 
PULX 
5 
1 
6C 
INC 
6 
2 
AO 
SUBA 
INOXQ 
4 
2 
D4 
ANOB 
3 
2 


05 
ASLO 
3 
1 
39 
RTS 
5 
1 
60 
TST 
6 
2 
A1 
CMPA 
4 
2 
05 
81T8 
3 
2 


06 
TAP 
2 
1 
3A 
ABX 
3 
1 
6E 
JMP 
3 
2 
A2 
saCA 
4 
2 
D6 
LDAS 
3 
2 


07 
TPA 
2 
1 
3B 
RTl 
10 
1 
6F 
CLR 
lNDXD 
6 
2 
A3 
SUBD 
6 
2 
07 
STAB 
3 
2 


DB 
INX 
3 
1 
3C 
PSHX 
4 
1 
70 
NEG 
EXTND 
6 
3 
A4 
ANQA 
4 
2 
DB 
EORB 
3 
2 


09 
DEX 
3 
I 
3D 
MUL 
'0 
1 
71 
A5 
BllA 
4 
2 
D9 
ADea 
3 
2 


OA 
CLV 
2 
1 
3E 
WAI 
9 
1 
72 
A6 
lDAA 
4 
2 
DA 
DRAB 
3 
2 


DB 
SEV 
2 
1 
3F 
SWI 
12 
1 
73 
COM 
6 
3 
A7 
STAA 
4 
2 
DB 
ADOB 
3 
2 


DC 
CLC 
2 
1 
4D 
NEGA 
2 
1 
74 
LSR 
6 
3 
AB 
EORA 
4 
2 
DC 
LDD 
4 
2 


DO 
SEC 
2 
1 
41 
75 
A9 
ADCA 
4 
2 
DO 
STO 
4 
2 


OE 
ClI 
2 
1 
42 
76 
ROR 
6 
3 
AA 
QRAA 
4 
2 
DE 
LDX 
4 
2 


OF 
SEI 
2 
1 
43 
COMA 
2 
1 
77 
ASR 
6 
3 
AB 
ADDA 
4 
2 
OF 
STX 
DIR 
4 
2 


10 
SBA 
2 
1 
44 
LSRA 
2 
, 
7B 
ASL 
5 
3 
AC 
CPX 
6 
2 
EO 
SUBS 
lNOXO 
4 
2 


11 
CBA 
2 
1 
45 
79 
ROL 
6 
3 
AD 
JSR 
6 
2 
E1 
CMPB 
4 
2 


12 
46 
AQRA 
2 
1 
7A 
DEC 
6 
3 
AE 
LOS 
5 
2 
E2 
saCB 
4 
2 


13 
47 
ASRA 
2 
1 
7B 
AF 
STS 
INOXO 
5 
2 
E3 
ACOD 
6 
2 


14 
46 
ASLA. 
2 
1 
7C 
INC 
6 
3 
BO 
SUBA 
EXTND 
4 
3 
E4 
ANDB 
4 
2 


15 · 


49 
ROLA 
2 
1 
70 
TST 
6 
3 
B1 
CMPA 
4 
3 
E5 
81T8 
4 
2 


16 
TAB 
2 
1 
4A 
CECA 
2 
1 
7E 
JMP 
3 
3 
B2 
saCA 
4 
3 
E6 
LDAS 
4 
2 


17 
TBA 
2 
1 
4B 
7F 
CLR 
EXTND 
6 
3 
B3 
sueD 
6 
3 
E7 
STAB 
4 
2 


1B 
4C 
INCA 
2 
BO 
SU8A 
IMMED 
2 
2 
B4 
ANDA 
4 
3 
EB 
EORB 
4 
2 


19 
DAA 
INHER 
2 
1 
40 
TSlA 
2 
1 
B1 
CMPA 
2 
2 
B5 
BITA 
4 
3 
E9 
ADea 
4 
2 


1A · 


4E 
T 
B2 
saCA 
2 
2 
B6 
lOAA 
4 
3 
EA 
DRAB 
4 
2 


1B 
ABA 
INHER 
2 
, 
4F 
ClRA 
2 
1 
B3 
SUBD 
4 
3 
B7 
STAA 
4 
3 
EB 
ADDS 
4 
2 


1C 
50 
NEGB 
2 
1 
B4 
ANDA 
2 
2 
BB 
EORA 
4 
3 
EC 
LDD 
5 
2 


10 
5' 
B5 
BITA 
2 
2 
B9 
ACCA 
4 
3 
ED 
STO 
5 
2 


1E 
52 
B6 
lOAA 
2 
2 
BA 
QRAA 
4 
3 
EE 
LOX 
5 
2 


1F 
53 
COMB 
2 
, 
B7 
BB 
ADOA 
4 
3 
EF 
STX 
INoxa 
5 
2 


20 
BRA 
REL 
3 
2 
54 
lSAB 
2 
1 
BB 
EORA 
2 
2 
BC 
CPX 
6 
3 
FO 
sues 
EXTNQ 
4 
3 


21 
BRN 
3 
2 
55 
89 
ADCA 
2 
2 
BD 
JSR 
6 
3 
F1 
CMPB 
4 
3 


22 
BHI 
3 
2 
56 
RaRB 
2 
1 
BA 
DRAA 
2 
2 
BE 
LOS 
5 
3 
F2 
S8CB 
4 
3 


23 
BLS 
3 
2 
57 
ASAB 
2 
1 
8B 
ADOA 
2 
2 
BF 
STS 
EXTNQ 
5 
3 
F3 
ADDD 
6 
3 


24 
BCC 
3 
2 
56 
ASlB 
2 
1 
8C 
CPX 
IMMED 
4 
3 
co 
suss 
IMMED 
2 
2 
F4 
ANOB 
4 
3 


2S 
BCS 
3 , 59 
ROLB 
2 
1 
BD 
BSR 
REL 
6 
2 
C, 
CMPB 
2 
2 
F5 
BITS 
4 
3 


26 
BNE 
3 
2 
5A 
CEca 
2 
1 
BE 
LOS 
IMMED 
3 
3 
C2 
seCB 
2 
2 
F6 
LDAS 
4 
3 


27 
BEO 
3 
2 
5B 
BF 
C3 
ADDD 
4 
3 
F7 
STAB 
4 
3 


28 
BVC 
3 
2 
5C 
INCB 
2 
, 
90 
SUBA 
DIR 
3 
2 
C4 
ANOB 
2 
2 
F8 
EORB 
4 
3 


29 
BVS 
3 
2 
50 
T$l8 
2 
, 
9' 
eMPA 
3 
2 
C5 
BITB 
2 
2 
F9 
ADCB 
4 
3 


2A 
BPL 
3 
2 
5E 
T 
92 
saCA 
3 
2 
C6 
LDAB 
2 
2 
FA 
DRAB 
4 
3 


2B 
BMI 
3 
2 
5F 
CLAB 
INHER 
2 
1 
93 
sueD 
5 
2 
C7 
FB 
ADOB 
4 
3 


2C 
BGE 
3 
2 
60 
NEG 
INOXQ 
6 
2 
94 
ANDA 
3 
2 
C8 
EORB 
2 
2 
FC 
LDD 
5 
3 


20 
BLl 
3 
2 
61 


1 


95 
BlTA 
3 
2 
C9 
ADCB 
2 
2 
FD 
STO 
5 
3 


2E 
BGT 
3 
2 
62 
96 
lOAA 
3 
2 
CA 
DRAB 
2 
2 
FE 
LOX 
5 
3 


2F 
BLE 
REL 
3 
2 
63 
COM 
6 
2 
97 
STAA 
3 
2 
CB 
ADOB 
2 
2 
FF 
STX 
EXTND 
5 
3 


30 
TSX 
lNHER 
3 
1 
64 
LSR 
6 
2 
91l 
EORA 
3 
2 
CC 
LDD 
3 
3 


31 
INS t 


3 
1 
65 
99 
ADCA 
3 
2 
CD 
* UNDEFINED 
QP CODE 


32 
PULA 
4 
, 
66 
ROR 
6 
2 
9A 
DRAA 
3 
2 
CE 
LOX 
IMMED 
3 
3 


33 
PUle 
4 
, 
67 
ASR 
INoxa 
6 
2 
9B 
ADOA 
3 
2 
CF 


NOTES: 
1. AddressingModes 
INHER_lnherent 
INOXO_lndexed 
IMMED_lmmediate 
REL-Relative 
EXTNO_Extended OIR-Oirect 
2. Unassigned opcodes are indicated by"." 
and should not be executed. 


3. Codes marked by "T" 
force the PC to function as a 16-bit counter. 


PROGRAMMING 
MODEL 


A programming 
model for the MC6801U4/MC6803U4 
is 
shown in Figure 8. Accumulator 
A can be concatenated with 
accumulator 
B and jointly 
referred 
to as accumulator 
D 
where A is the most significant 
byte. Any operation 
which 
modifies 
the 
double 
accumulator 
will 
also 
modify 
ac- 


cumulators 
A 
and/or 
B. 
Other 
registers 
are defined 
as 
follows: 


PROGRAM COUNTER - 
The program counter is a 16-bit 
register which always points to the next instruction. 


STACK POINTER - 
The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup 
ILlFO) 
queue. 
The 
stack 
resides 
in 
random-access 
memory 
at a location 
defined 
by the pro- 
grammer. 


INDEX REGISTER - 
The index register is a 16-hit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


ACCUMULATORS 
- 
The MPU contains 
two 
8-bit ac- 
cumulators, 
A and B, which are used to store operands and 
results from the arithmetic logic unit IALUL They can also be 
concatenated 
and referred to as the D (double) accumulator. 


CONDITION 
CODE REGISTER 
- 
The condition 
code 
register indicates the results of an instruction 
and includes 
the 
following 
five 
condition 
bits: 
negative 
IN), 
zero Ill, 
overflow 
IV), carry/borrow 
from 
MSB 
IC), and half carry 
from 
bit 3 IHL 
These bits are testable 
by the conditional 
branch instructions. 
Bit 4 is the interrupt 
mask (I bit) and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and B7, are read as ones. 


ADDRESSING 
MODES 


Six addressing modes can be used to reference memory. 


A 
summary 
of 
addressing 
modes 
for 
all instructions 
is 
presented in Tables 9, 10, 11, and 12 where execution times 
are provided 
in E cycles. 
Instruction 
execution 
times are 
summarized in Table 13. With an input frequency of 4 MHz, 
one E cycle is equivalent 
to one microsecond. 
A cycle-by- 
cycle description 
of bus activity 
for each instruction 
is pro- 
vided in Table 14 and descriptions 
of selected instructions 
are shown in Figure 24. 


IMMEDIATE 
ADDRESSING 
- 
The 
operand 
or 
"im- 
mediate bytelsl" 
is contained 
in the following 
byte(s) of the 


instruction 
where the number of bytes matches the size of 
the register. These are two or three byte instructions. 


DIRECT ADDRESSING 
- 
The least significant 
byte of the 
operand address is contained 
in the second byte of the in- 
struction and the most significant 
byte is assumed to be $00. 
Direct addressing allows the user to access $00 through 
$FF 
using two byte instructions 
and execution time is reduced by 
eliminating 
the additional 
memory access. In most applica- 


tions, the 256-byte area is reserved for frequently 
referenced 
data. 


EXTENDED ADDRESSING 
- 
The second and third bytes 
of 
the 
instruction 
contain 
the 
absolute 
address 
of 
the 
operand. These are three byte instructions. 


INDEXED 
ADDRESSING 
- 
The unsigned 
offset 
con- 


tained in the second byte of the instruction 
is added with 
carry to the index register and is used to reference memory 
without 
changing the index register. These are two byte in- 


structions. 


INHERENT ADDRESSING 
- 
The operandlsl 
is a register 


and no memory reference is required. These are single byte 
instructions. 


RELATIVE ADDRESSING 
- 
Relative addressing is used 
only for branch instructions. 
If the branch condition 
is true, 
the program counter is overwritten 
with the sum of a signed 
single byte displacement 
in the second byte of the instruc- 
tion 
and 
the 
current 
program 
counter. 
This 
provides 
a 
branch range of - 126 to + 129 bytes from the first byte of 
the instruction. 
These are two byte instructions. 


SUMMARY OF CYCLE-BY-CYCLE 
OPERATION 


Table 14 provides a detailed description 
of the information 
present on the address bus, data bus, and the read/write 
(R/W) 
line during each cycle of each instruction. 


The information 
is useful in comparing 
actual with 
ex- 
pected results during debug of both software and hardware 
as the program is executed. The information 
is categorized in 
groups according 
to addressing mode and number of cycles 
per instruction. 
In general, instructions 
with 
the same ad- 
dressing mode and number of cycles execute in the same 
manner. 
Exceptions are indicated in the table. 


Note 
that 
during 
MPU 
reads of internal 
locations, 
the 


resultant value will not appear on the external data bus ex- 
cept in mode 0. "High 
order" byte refers to the most signifi- 
cant byte qf a 16-bit value. 


II 


• 


Condition 
Codes 


Imrned 
Direct 
Index 
Extnd 
Inherent 
Booleanl 
5 
4 
3 
2 , 
0 


Pointer 
Operations 
MNEM 
Op 
- , Op 
- , Op 
- , Op - , Op - , 
Arithmetic 
Operation 
H 
I 
N 
Z 
V 
C 


Compare 
Index 
Register 
CPX 
8C 
4 
3 
9C 
5 
2 
AC 
6 
2 
BC 
6 
3 
X-M:M+l 
· · 
I I 


Decrement 
Index 
Register 
DEX 
09 
3 , 
X-'-X 
· · · I · · 


Decrement 
Stack 
Pointer 
DES 
34 
3 , 
SP-'-SP 
· · · · · · 


Increment 
Index 
Register 
INX 
00 
3 , 
X+l-X 
· · · I · · 


Increment 
Stack 
POInter 
INS 
31 
3 , 
, 
SP+,-SP 
· · · · · · 


Load 
Index 
Register 
LDX 
CE 
3 
3 
DE 
4 
2 
EE 
5 
2 
FE 
5 
3 
M-XH.IM+'I-XL 
·· 
I 
A · 


Load 
Stack 
POinter 
LDS 
8E 
3 
3 
9E 
4 
2 
AE 
5 
2 
BE 
5 
3 
M -SPH,IM+ 
11-SPL 
· · 
I 
A · 


Store 
Index 
Register 
STX 
DF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH-M,XL 
-lM+ 
1) 
· · 
I 
A · 


Store 
Stack 
Pomler 
STS 
9F 
4 
2 
AF 
5 
2 
BF 
5 
3 
SPH-M,SPL 
-(M+l) 
· · 
I 
A · 


Index 
Reg - 
Stack 
Pointer 
TXS 
35 
3 , 
X-'-SP 
· · · · · · 


Stack 
Pntr -Index 
Register 
TSX 
:J) 
3 , $P+l-X 
· · · · · · 


Add 
A8X 
3A 
3 , 
B+X-X 
· · · · · · 


Push Data 
PSHX 
3C 
4 
1 
XL -MSp.SP 
'-SP 
· · · · · · 
XH-MSp·SP-l-SP 


Pull Data 
PULX 
38 
5 
1 
SP+ l-SP,MSp-XH 
· · · · · · 
SP+ l-SP,MSp-XL 


Condition 
C odes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 , 
0 


Memory 
Operations 
MNEM 
Op - , Op 
- , Op 
- , Op 
- , Op 
- , 
Expression 
H 
I 
N 
Z 
V 
C 


Add 
Accumulators 
ABA 
lB 
2 
1 
A+B-A 
I · I I I I 


AddStoX 
ABX 
3A 
3 
1 
OOB+X-X 
· · · · · · 


Add 
with 
Carry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
· 


ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
· 


Add 
ADDA 
BB 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A+M 
A 
· 


ADDB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-A 
· 


Add 
Double 
ADDD 
C3 
4 
3 
D3 
5 
2 
E3 
6 
2 
F3 
6 
3 
O+MM+l-D 
· · 


And 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
· · 


A · 


ANDB 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M-B 
· · 


A · 
Shift 
Left, 
Anthmetic 
ASL 
68 
6 
2 
78 
6 
3 
- 
· · 


ASLA 
48 
2 , 
@].-111111111 
-0 · · 


ASLB 
56 
2 
1 
b7 
bO 
· · 


Shift 
Left 
Double 
ASLD 
05 
3 , 
· · 
Shift 
Right, 
Arithmetic 
ASR 
67 
6 
2 
77 
6 
3 
qillilill-l~]· · 


ASRA 
47 
2 
1 
· · I I I I 


ASRB 
57 
2 
1 
b7 
bO 
· · I I I I 


Bit Test 
BITA 
B5 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
· · 


A · 


BITB 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
· · I I 
A · 


Compare 
Accumulators 
CBA 
11 
2 , 
A-B 
· · I II I I 


Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
oo-M 
· · 


A 
S 
A 
A 


CLRA 
4F 
2 
1 
00 
A 
· · 


A 
S 
A 
A 


CLRB 
5F 
2 
1 
oo-B 
· · 


A 
S 
A 
R 


Compare 
CMPA 
8' 
2 
2 
91 
3 
2 
Al 
4 
2 
Bl 
4 
3 
A-M 
· · III I I 


CMPB 
Cl 
2 
2 
Dl 
3 
2 
El 
4 
2 
Fl 
4 
3 
B-M 
· · I I I I 


l's 
Complement 
COM 
63 
6 
2 
73 
6 
3 
M-M 
· · 
II 
A 
S 


COMA 
43 
2 
1 
A-A 
· · I I 
A 
S 


COMB 
53 
2 
1 
B-B 
· · I I 
A 
S 


Condition 
Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 
1 
0 


Memory 
Operations 
MNEM 
Dp - , Dp 
- , Dp 
- , Dp 
- , Dp 
- , 
Expression 
H 
I 
N 
Z 
V 
C 


Decimal 
Adjust, 
A 
DAA 
19 
2 , 
Ad! binary 
sum 
to BCD 
· · I I I I 


Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M-l 
M 
· · I I I · 


DECA 
4A 
2 , 
A-l-A 
· · I I I · 


DECB 
5A 
2 , 
B-'-B 
· · I I I · 


Exclusive 
OR 
EORA 
BB 
2 
2 
9B 
3 
2 
A8 
4 
2 
B8 
4 
3 
AEBM-A 
· · I I 
R · 


EDRB 
C8 
2 
2 
D8 
3 
2 
E8 
4 
2 
F8 
4 
3 
BEBM-8 
· I I 
R · 


Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+l-M 
· · I I I · 


INCA 
4C 
2 , 
A+l-A 
· · I I I · 


INCB 
5C 
2 , 
8+' 
B 
· · I I I · 


Load 
Accumulators 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M 
A 
· · I I 
R · 


LDAB 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
· · I I 
R · 


Load 
Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M.M+l 
D 
· · I I 
R · 


logical 
Shift, 
Left 
LSL 
68 
6 
2 
78 
6 
3 
· · I I I I 


LSlA 
48 
2 , 
- 
· · I I I I 
0-111111111 
-0 
LSLB 
58 
2 , 
b7 
bO 
· · I I I I 


LSLD 
05 
3 
2 
· · I I I I 


Shill 
RIght. 
Logical 
LSR 
64 
6 
2 
74 
6 
3 
- 
· · 


R I I I 


LSRA 
44 
2 , 
0-111111111 
0 · · 


R I I I 


LSRB 
54 
2 , 
b7 
bO 
· · 


R I I I 


LSRD 
04 
3 
1 
· · 


R I I I 


MultIply 
MUL 
3D 
10 
1 
AxB-D 
· · · · · I 


2's Complement 
(Negate) 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
· · I I I I 


NEGA 
40 
2 
1 
oo-A-A 
· · I I I I 


NEGB 
50 
2 , 
00- 
B-B 
· · I I I I 


No OperatIon 
NDP 
0' 
2 , 
PC+ 
l-PC 
· · · · · · 


InclUSive 
OR 
DRAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
· · I I 
R · 


DRAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B+M-B 
· I I 
R · 
Push Data 
PSHA 
36 
3 , 
A-Stack 
· · · · · · 


PSHB 
37 
3 , 
B- 
Stack 
· · · · · · 
Pull Data 
PULA 
32 
4 
1 
Stack 
A 
· · · · · · 


PULB 
33 
4 
I 
Stack 
B 
· · · · · · 


Rotate 
Lelt 
RDL 
69 
6 
2 
79 
6 
3 
- 
· · I I I I 


ROlA 
49 
2 , 
0-111111111--19 
· · I I I I 


RDLB 
59 
2 , 
b7 
bO 
· · I I I I 


Rotate 
Right 
r 
RDR 
66 
6 
2 
76 
6 
3 
- 
· · I I I I 


RDRA 
46 
2 , 
0-111111111 
@ 
· I I I I 


RDRB 
56 
2 , 
b7 
bO 
· I I I I 


Subtract 
Accumulator 
SBA 
10 
2 , 
A-B 
A 
· · I I I I 


Subtract 
wllh 
Carry 
S8CA 
82 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C-A 
· 
I I I I 


SBCB 
C2 
2 
2 
D2 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C 
B 
· 
I I I I 


Store 
Accumulators 
STAA 
97 
3 
2 
A7 
4 
2 
87 
4 
3 
A 
M 
· 
I I 
R · 


STAB 
D7 
3 
2 
E7 
4 
2 
F7 
4 
3 
B-M 
· 
I I 
R · 
STD 
DD 
4 
2 
EO 
5 
2 
FD 
5 
3 
D-MM+l 
· · I I 
R 


Subtract 
SUBA 
80 
2 
2 
90 
3 
2 
AD 
4 
2 
BO 
4 
3 
A-M-A 
· · I I I I 


SUBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B-M 
B 
· · I I I I 


Subtract 
Double 
SUBD 
83 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
D-MM+l-D 
· I I I I 


Transfer 
Accumulator 
TAB 
16 
2 , 
A-B 
· 
I I 
R · 


TBA 
'7 
2 
1 
B-A 
· · I I 
R 


Test, 
Zero 
or Minus 
TST 
6D 
6 
2 
7D 
6 
3 
M-oo 
· · I I 
R 
R 


TSTA 
4D 
2 , 
A-oo 
· · I I 
R 
R 


TST8 
5D 
2 , 
B -00 
· · I I 
R 
R 


II 


• 


Condition Code Reg. 


Direct 
Relative 
Index 
Extend 
Inherent 
5 
4 
3 
2 
1 
0 


Operations 
MNEM Op - , Op - , Op - , Op - , Op - , 
Branch Test 
H 
I 
N 
Z 
V 
C 


Branch Always 
BRA 
20 
3 
2 
None 
· · · · · · 
Branch 
Never 
BRN 
21 
3 
2 
None 
· · · · · · 
Branch 
If Carry 
Clear 
BCC 
24 
3 
2 
c=o 
· · · · · · 
Branch 
If Carry 
Set 
BCS 
25 
3 
2 
C=1 
· · · · · · 
Branch 
If:: Zero 
BEO 
27 
3 
2 
Z-1 
· · · · · · 
Branch 
If ~ Zero 
BGE 
2C 3 
2 
NEIl V=O 
· · · · · · 


Branch 
If >Zero 
BGT 
2E 
3 
2 
Z+INEIlVI=O 
· · · · · · 
Branch 
If Higher 
BHI 
22 
3 
2 
C+Z-O 
· · · · · · 
Branch 
If Higher 
or Same 
BHS 
24 
3 
2 
C=O 
· · · · · · 
Branch If sZero 
BLE 
2F 
3 
2 
Z+IN 
Ell VI-l 
· · · · · · 
Branch 
If Carry 
Set 
BLO 
25 
3 
2 
C=1 
· · · · · · 


Branch 
If Lower 
Or Same 
BLS 
23 
3 
2 
C+Z-1 
· · · · · · 
Branch 
If <Zero 
BLT 
20 
3 
2 
NEIl V=1 
· · · · · · 
Branch 
If Minus 
BMI 
2B 
3 
2 
N-l 
· · · · · · 
Branch 
If Not 
Equal Zero 
BNE 
26 
3 
2 
Z=O 
· · · · · · 
Branch 
If Overflow 
Clear 
BVC 
28 
3 
2 
V=O 
· · · · · · 
Branch 
If Overflow 
Set 
BVS 
28 
3 
2 
V-I 
· · · · · · 
Branch 
If Plus 
BPL 
2A 
3 
2 
N=O 
· · · · · · 
Branch 
To 
Subroutine 
BSR 
BO 6 
2 
· · · · · · 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
See Special 
Operations-Figure 
24 
• · · · · · 
Jump 
To Subroutine 
JSR 
90 
5 
2 
AD 6 
2 
BO 6 
3 
· · · · · · 
No Operation 
NOP 
01 
2 
1 
· · · · · · 
Return 
From 
Interrupt 
RT! 
3B 10 
1 
[I I I I I I 


Return 
From 
Subroutine 
RTS 
39 
5 
1 
See Special 
Operations-Figure 
24 
• · · · · · 
Software 
Interrupt 
SWI 
3F 12 
1 
· 
S · · · · 
Wait 
For Interrupt 
WAI 
3E 
9 
1 
· · · · · · 


Condition Code Register 


Inherent 
5 
4 
3 
2 
1 
0 


Operations 
MNEM 
Op - , 
Boolean Operation 
H 
I 
N 
Z 
V 
C 


Clear Carry 
CLC 
DC 
2 
1 
0 
C 
· · · · · 


R 


Clear Interrupt Mask 
Cli 
DE 
2 
1 
0 
I 
· 


R · · · · 
Clear Overflow 
CLV 
OA 
2 
1 
O-V 
· · · · 


R · 
Set Carry 
SEC 
00 
2 
1 
1 
C 
· · · · · 


S 


Set Interrupt Mask 
SEI 
OF 
2 
1 
1 
I 
· 


S · · · · 
Set Overflow 
SEV 
DB 
2 
1 
1 
V 
· · · · 


S · 
Accumulator 
A - 
CCR 
TAP 
06 
2 
1 
A 
CCR 
I I I I I I 


CCR - 
Accumulator 
A 
TPA 
07 
2 
1 
CCR-A 
· · · · · · 


LEGEND 


Op 
Operation Code I Hexadecimal! 
Number 
of MPU Cycles 


MSp 
Contents of memory location POinted to by Stack POinter 
I 
Number of Program Bytes 
+ 
Arithmetic 
Plus 
Arithmetic 
Minus 


• 
Boolean 
AND 
X 
Arithmetic 
Multiply 
+ 
Boolean Inclusive OR 
• 
Boolean Exclusive OR 


M 
Complement 
of M 


Transfer Into 
o 
Bit=Zero 


00 
Byle = Zero 


CONDITION 
CODE SYMBOLS 


H 
Half-carry 
from bit 3 
I 
Interrupt mask 
N 
Negative (sign bill 
Z 
Zero I byte) 
V 
Overflow, 
2's complement 
C 
Carry/Borrow 
from 
MSB 
R 
Reset Always 
S 
Set Always 
I 
Affected 
• 
Not Affected 


ADDRESSING 
MODE 


! 
.., 
" 
c 
" 
'6 
" 
.., 
.., 
" 
" 
> 
" 
u 
c 
~ 
~ 


;:: 


E 
! 
; 
" 
" 
E 
.., 
~ 
"i 


i5 
w 
.: 
.: 
II: 


ABA 
• 
• 
• 
• 
2 
• 
ABX 
• 
• 
• 
• 
3 
• 
ADC 
2 
3 
4 
4 
• 
• 
ADD 
2 
3 
4 
4 
• 
• 
ADDD 
4 
5 
6 
6 
• 
• 


AND 
2 
3 
4 
4 
• 
• 
ASL 
• 
• 
6 
6 
2 
• 
ASLD 
• 
• 
• 
• 
3 
• 
ASA 
• 
• 
6 
6 
2 
• 
BCC 
• 
• 
• 
• 
• 
3 


BCS 
• 
• 
• 
• 
• 
3 


BEO 
• 
• 
• 
• 
• 
3 


BGE 
• 
• 
• 
• 
• 
3 


BGT 
• 
• 
• 
• 
• 
3 
BHI 
• 
• 
• 
• 
• 
3 


BHS 
• 
• 
• 
• 
• 
3 


BIT 
2 
3 
4 
4 
• 
BLE 
• 
• 
• 
3 


BLO 
• 
• 
• 
3 


BLS 
• 
• 
• 
3 
BLT 
• 
3 


BMI 
3 


BNE 
3 


BPL 
3 
BAA 
3 
BAN 
3 
BSA 
6 
BVC 
3 
BVS 
3 


CBA 
2 
• 
CLC 
2 
CLI 
2 
CLA 
6 
6 
2 
CLV 
• 
• 
2 
CMP 
2 
3 
4 
4 
• 
COM 
• 
• 
6 
6 
2 
CPX 
4 
5 
6 
6 
• 
DAA 
• 
• 
• 
• 
2 


DEC 
• 
• 
6 
6 
2 


DES 
• 
• 
• 
• 
3 


DEX 
• 
• 
• 
• 
3 


EOA 
2 
3 
4 
4 
• 
INC 
• 
• 
6 
6 
• 
INS 
• 
• 
• 
• 
3 


ADDRESSING 
MODE 
":; 
.., 
c 
" 
'6 
" 
.., 
.., 
" 
" 


.~ 
" 
u 
c 
~ 
~ 
E 
! 
" 
" 
" 
E 
';( 
'tl 
~ 
"i 
i5 
w 
.: 
.: 
II: 


INX 
• 
• 
• 
• 
3 
JMP 
• 
• 
3 
3 
• 
JSA 
• 
5 
6 
6 
• 
LDA 
2 
3 
4 
4 
• 
LDD 
3 
4 
5 
5 
• 
LDS 
3 
4 
5 
5 
• 
LDX 
3 
4 
5 
5 
• 
LSL 
• 
• 
6 
6 
2 
LSLD 
• 
• 
• 
• 
3 
LSA 
• 
• 
6 
6 
2 
LSAD 
• 
• 
• 
• 
3 
MUL 
• 
• 
• 
• 
10 


NEG 
• 
• 
6 
6 
2 
• 
NOP 
• 
• 
• 
• 
2 
OAA 
2 
3 
4 
4 
• 
PSH 
• 
• 
• 
• 
3 
PSHX 
• 
• 
• 
• 
4 
PUL 
• 
• 
• 
• 
4 
PULX 
• 
• 
• 
• 
5 
AOL 
• 
• 
6 
6 
2 


AOA 
• 
• 
6 
6 
2 
All 
• 
• 
• 
• 
10 
ATS 
• 
• 
• 
• 
5 
SBA 
• 
• 
• 
• 
2 


SBC 
2 
3 
4 
4 
• 
SEC 
• 
• 
• 
• 
2 


SEI 
• 
• 
• 
• 
2 


SEV 
• 
• 
• 
• 
2 


STA 
• 
3 
4 
4 
• 
STD 
• 
4 
5 
5 
• 
• 
STS 
• 
4 
5 
5 
• 
STX 
• 
4 
5 
5 
• 


SUB 
2 
3 
4 
4 
• 
SUBD 
4 
5 
6 
6 
• 
SWI 
• 
• 
• 
• 
12 
TAB 
• 
• 
• 
• 
2 


TAP 
• 
• 
• 
• 
2 


TBA 
• 
• 
• 
• 
2 
T'PA 
• 
• 
• 
• 
2 
TST 
• 
• 
6 
6 
2 


TSX 
• 
• 
• 
• 
3 


TXS 
• 
• 
• 
• 
3 
WAI 
• 
• 
• 
• 
9 


• 


ADC 
EOR 
2 
1 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address + 1 
1 
Operand Data 


AND 
ORA 
BIT 
SBC 
CMP 
SUB 


LOS 
3 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address + 1 
1 
Operand Data (High Order Byte) 


LDD 
3 
Opcode Address + 2 
1 
Operand Data lLow Order Byte) 


CPX 
4 
1 
Opcode Address 
1 
Upcode 


SUBD 
2 
Opcode Address + , 
1 
Operand Data (High Order Byte) 


ADDD 
3 
Opcode 
Address + 2 
1 
Operand Data (Low Order By tel 


4 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOR 
3 
1 
Opcode Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode Address + , 
1 
Address of Operand 


AND 
ORA 
3 
Address of Operand 
1 
Operand Data 


BIT 
SBC 
CMP 
SUB 


STA 
3 
1 
Opcode Address 
1 
Opcode 


2 
Opcode Address + 1 
1 
DestinatIon Address 


3 
Destination Address 
0 
Data from Accumulator 


LOS 
4 
1 
Opcode Address 
1 
Opcode 


LOX 
2 
Opcode Address + 1 
1 
Address of Operand 


LDD 
3 
Address of Operand 
1 
Operand Data l HIgh Order By tel 


4 
Operand Address + 1 
1 
Operand Data fLow Order Byte) 


STS 
4 
1 
Opcode Address 
I 
Opcode 


STX 
2 
Opcode Address + 1 
1 
Address of Operand 
STD 
3 
Address of Operand 
0 
Register Data tHigh Order Byte) 


4 
Address of Operand + 1 
0 
RegIster Data (Low Order By tel 


CPX 
5 
1 
Opcode Address 
1 
Opcode 


SUBD 
2 
Opcode Address + 1 
1 
Address of Operand 


ADDD 
3 
Operand Address 
1 
Operand Data (High Order By tel 


4 
Operand Address + 1 
1 
Operand Data (Low Order Byte) 


5 
Address Bus FFFF 
I 
Low Byte of Restart Vector 


JSR 
5 
1 
Opcode Address 
1 
Opcode 


2 
Opcode Address + 1 
1 
Irrelevant Data 


3 
SubroutIne 
Address 
1 
First Subroutine Opcode 


4 
Stack POinter 
0 
Return Address I Low Order Byte! 
5 
Stack POInter - 1 
0 
Return Address (High Order Bylel 


Address 
Mode 
and 
Instructions 


EXTENDED 


JMP 
3 
1 
Opeode 
Address 
1 
Opeode 
2 
Opeode 
Address + 1 
1 
Jump 
Address 
IHlgh 
Order 
Byte) 
3 
Opcode Address + 2 
1 
Jump Address (Low Order Byte) 


ADC 
EOR 
4 
1 
Opeode 
Address 
1 
Opeode 
AOD 
LOA 
2 
Opcode Address + 1 
1 
Address of Operand 
AND 
ORA 
3 
Opeode 
Address + 2 
1 
Address of Operand l Low Order By tel 
BIT 
SBC 
4 
Address of Operand 
1 
Operand Data 
CMP 
SUB 


STA 
4 
1 
Opcode Address 
1 
Opeode 


2 
Opcode Address + 1 
1 
Destination Address (High Order Byte) 


3 
Opcode Address + 2 
1 
Destination Address (Low Order Byte) 
4 
Operand Destination Address 
0 
Data from Accumulator 


LOS 
5 
1 
Opcode Address 
1 
Opeode 
LOX 
2 
Opcode Address+ 
1 
1 
Address of Operand l High Order By tel 
LDD 
3 
Opcode Address+ 2 
1 
Address of Operand l Low Order By tel 
4 
Address of Operand 
1 
Operand Data (High Order Byte) 
5 
Address of Operand + 1 
1 
Operand Data (Low Order By tel 


STS 
5 
1 
Opcode Address 
1 
Ope ode 
STX 
2 
Opcode Address + 1 
1 
Address of Operand (High Order Byte) 
STD 
3 
Opcode Address + 2 
1 
Address of Operand (Low Order By tel 


4 
Address of Operand 
0 
Operand Data l High Order Byte) 
5 
Address of Operand + 1 
0 
Operand Data l Low Order Byte} 


ASL 
LSR 
6 
1 
Opcode Address 
1 
Opeode 
ASR 
NEG 
2 
Opcode Address + 1 
1 
Address of Operand l High Order Byte) 
CLR 
ROL 
3 
Opcode Address + 2 
1 
Address of Operand l Low Order Byte) 


COM 
ROR 
4 
Address of Operand 
1 
Current Operand Data 


DEC 
TST" 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
INC 
6 
Address of Operand 
0 
New Operand Data 


CPX 
6 
1 
Opcode Address 
1 
Opeode 
SUBO 
2 
Opcode Address + 1 
1 
Operand Address l High Order Byte) 
ADDD 
3 
Opcode Address + 2 
1 
Operand Address l Low Order Byte) 


4 
Operand Address 
1 
Operand Data (High Order By tel 
5 
Operand Address + 1 
1 
Operand Data (Low Order By tel 
6 
Address Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
6 
1 
Opcode Address 
1 
Opeode 
2 
Opcode Address + 1 
1 
Address of Subroutine 
l High Order Byte) 
3 
Opcode Address + 2 
1 
Address of Subroutine 
l Low Order Byte} 


4 
Subroutine 
Starting Address 
1 
Opcode of N~xt 
Instruction 
5 
Stack POinter 
0 
Return Address (Low Order By tel 


6 
Stack POlnter-l 
0 
Return Address (High Order Byte) 


• 


II 


TABLE 
14 - 
CYClE-BY-CYClE 
OPERATION 
(Sheet 
3 of 51 


R/W 
Line 


JMP 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOR 
4 
1 
Opcode 
Address 
1 
Opcode 
ADD 
LOA 
2 
Opcode 
Address + 1 
1 
Offset 
AND 
ORA 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
BIT 
SBC 
4 
Index Register Plus Offset 
1 
Operand 
Data 
CMP 
SUB 


STA 
4 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register Plus Offset 
0 
Operand Data 


LOS 
5 
1 
Opcode 
Address 
1 
Opcode 
LOX 
2 
Opcode 
Address + 1 
1 
Offset 
LDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register Plus Offset 
1 
Operand 
Data (High 
Order 
By tel 
5 
Index Register Plus Offset + , 
1 
Operand 
Data (Low 
Order 
Byte) 


STS 
5 
1 
Opcode 
Address 
1 
Opcode 
STX 
2 
Opcode 
Address + 1 
1 
Offset 
STD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register Plus Offset 
0 
Operand 
Data (High 
Order 
By tel 
5 
Index Register Plus Offset + 1 
0 
Operand 
Data (Low 
Order 
By tel 


ASL 
LSR 
6 
1 
Opcode 
Address 
1 
Opcode 


ASR 
NEG 
2 
Opcode 
Address + 1 
1 
Offset 


CLR 
ROL 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


COM 
ROR 
4 
Index Register Plus Offset 
1 
Current Operand Data 


DEC 
TST" 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


INC 
6 
Index Register Plus Offset 
0 
New Operand Data 


CPX 
6 
1 
Opcode 
Address 
1 
Opcode 
SUBD 
2 
Opcode 
Address + 1 
t 
Offset 
ADDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register+ Offset 
1 
Operand 
Data (High 
Order 
By tel 
5 
Index Register + Offset + 1 
1 
Operand 
Data (Low 
Order 
Byte) 
6 
Address 
Bus FFFF 
Low Byte of Restart Vector 


JSR 
6 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode Address + 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index 
Register+ 
Offset 
1 
First Subroutine 
Opcode 
5 
Stack Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 
6 
Stack Pointer - 1 
0 
Return 
Address 
(High 
Order 
Byte) 


ABA 
DAA 
SEC 
2 
1 
Opcode 
Address 
1 
Opcode 
ASL 
DEC 
'SEI 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 
ASR 
INC 
SEV 
CBA 
LSR 
TAB 
CLC 
NEG 
TAP 
CLI 
NOP 
TBA 
CLR 
ROL 
TPA 
CLV 
ROR 
TST 
COM 
SBA 


ABX 
3 
1 
Opcode 
Address 
, 
Opcode 
2 
Opcode 
Address + , 
, 
Irrelevant Data 
3 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


ASLD 
3 
1 
Opcode 
Address 
, 
Opcode 
LSRD 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


DES 
3 
1 
Opcode 
Address 
1 
Opcode 


INS 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 


3 
Previous Stack Pointer Contents 
1 
Irrelevant Data 


INX 
3 
, 
Opcode 
Address 
, 
Opcode 
DEX 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PSHA 
3 
1 
Opcode 
Address 
1 
Opcode 
PSHB 
2 
Opcode 
Address + 1 
, 
Gpeode 01 Next Instruction 
3 
Stack Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
Opcode 
Address 
, 
Opcode 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Stack Pointer 
1 
Irrelevant Data 


TXS 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Gpeode Address + 1 
1 
Gpeode of Next Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PULA 
4 
, 
Opcode 
Address 
1 
Opcode 
PULB 
2 
Opcode 
Address + , 
, 
Gpeode of Next Instruction 
3 
Stack Pointer 
, 
Irrelevant Data 
4 
Stack Pointer + 1 
, 
Operand Data from Stack 


PSHX 
4 
1 
Gpeode Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
0 
Index Register (Low Order Byte) 
4 
Stack Pointer-l 
0 
Index 
Register 
(High 
Order 
Byte) 


PULX 
5 
, 
Opcode 
Address 
1 
Opcode 
2 
Gpeode Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
, 
Irrelevant Data 
4 
Stack Pointer + 1 
1 
Index Register (High Order Byte) 
5 
Stack Pointer+2 
1 
Index Register (Low Order Byte) 


RTS 
5 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
1 
Irrelevant Data 
4 
Stack Pointer+ 
1 
1 
Address of Next Instruction lHigh Order Byte) 
5 
Stack Pointer + 2 
1 
Address of Next Instruction lLow Order Byte) 


WAI 
9 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode Address + 1 
1 
Opcode of Next Instruction 
3 
Stack Pointer 
0 
Return Address (Low Order Byte) 


4 
Stack Pointer-l 
0 
Return Address (High Order Byte) 
5 
Stack Pointer - 2 
0 
Index Register (Low Order Byte) 
6 
Stack Pointer-3 
0 
Index Register (High Order Byte) 
7 
Stack Pointer-4 
0 
Contents of Accumulator 
A 
B 
Stack Pointer - 5 
0 
Contents of Accumulator 
B 
9 
Stack Pointer - 6 
0 
Contents of Condition 
Code Register 


II 


• 


Address 
Mode 
and 


Instructions 


INHERENT 


MUl 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
, 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


7 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


8 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
9 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


10 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


RTI 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
1 
Irrelevant Data 
4 
Stack Pointer+ 
1 
1 
Contents of Condition 
Code Register from Stack 
5 
S lack 
POinter + 2 
1 
Contents of Accumulator 
B from Stack 


6 
S tack Pointer 
+ 3 
1 
Contents of Accumulator 
A from Stack 


7 
Stack Pointer+4 
1 
Index Register from Stack tHigh Order By tel 


8 
S tack 
Pointer + 5 
1 
Index Register from Stack (Low Order Byte) 


9 
Stack POlnter+6 
1 
Next Instruction Address from Stack (High Order Byte) 


10 
Stack Pointer + 7 
1 
Next Instruction Address from Stack (Low Order Byte) 


SWI 
12 
1 
Opcode Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
0 
Return Address (Low Order Byte) 
4 
Stack Pointer - 1 
0 
Return 
Address 
(High 
Order 
Byte! 


5 
Stack POinter - 2 
0 
Index RegIster (Low Order Byte) 


6 
Stack Pointer - 3 
0 
Index 
Register 
(High 
Order 
Byte! 


7 
Stack Pointer-4 
0 
Contents of Accumulator 
A 
8 
Stack Pointer-5 
0 
Contents 
of Accumulator 
B 
9 
Stack POlnter-6 
0 
Contents 
of CondItIon Code Register 


10 
Stack Pointer-7 
1 
Irrelevant Data 
11 
Vector 
Address 
FFFA (Hex) 
1 
Address of Subroutine 
(High Order Byte) 


12 
Vector 
Address 
FFFB (Hex! 
1 
Address of Subroutine 
(Low Order Byte) 


Bee 
BHT 
BNE 
BlO 
3 
1 
Opcode 
Address 
1 
Opcode 


BeS 
BlE 
BPl 
BHS 
2 
Opcode 
Address + 1 
1 
Branch Offset 


BEG 
BlS 
BRA 
BRN 
3 
Address 
Buss FFFF 
1 
Low Byte of Restart Vector 


BGE 
BlT 
BVe 
BGT 
BMI 
BVS 


BSR 
6 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Branch Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
SubroutIne 
Starting Address 
1 
Opcode of Next Instruction 
5 
Stack POinter 
0 
Return Address (Low Order Byte) 
6 
Stack POinter - 1 
0 
Return Address (High Order Byte) 


FIGURE 
24 - 
SPECIAL 
OPERATIONS 


JSA. 
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to Subroutine 
I 


!'!: 
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Program 
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Direct 
K 


ATN 
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I 
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...• SP- 2 


INDXD 
K=Offset 
e> 


SP- 1 
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Mam 
Instr 
SP 
ATNL 


I 


Main 
Program 
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$BD~JSA 


Cf 


SH:: 
Subr. 
Addr. 


EXTND 
...• 
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Subr. 
Addr. 


c.:> 


Next Main Inst. 
...• 
ATN 


Main 
Program 


$BD~ BSA 


± K = Offset 


Subroutine 


=$39~=ATS 
I Q 


g' 
Stack 
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SP-l 
ATNH 


SP 
ATNL 


SWI, 
Software 
Interrupt 
Main 
Program 
SP 


!'!: 
$3F~ SWI Ie)...• 
SP- 7 


ATN 
SP-6 


SP- 5 


SP-4 


SP- 3 
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Program 
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Address 
of next instruction 
In Main 
Program 
to be executed 
upon 
return 
from 
subroutine 


RTNH = Most 
significant 
byte of Return 
Address 


RTNL 
= Least 
significant 
byte 
of Return 
Address 


- 
= Stack 
Pointer 
After 
Execution 


K = a-bit Unsigned 
Value 
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AcmltrB 
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Register 
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Index 
Register 
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ATNH 


RTNL 
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Index 
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APPENDIX 
CUSTOM 
MC6801U4 
ORDERING 
INFORMATION 


The custom MC6801U4 specifications may be transmitted 
to Motorola in any of the following media: 


1) EPROMs 
2) MOOS diskette 


The specification should be formatted and packed. as i~- 


dicated in the appropriate 
paragraph below. 
and mailed 
prepaid and insured with a cover letter (see Figure A-2) to: 


Motorola Inc. 
3501 Ed Bluestein Blvd. 
Austin. Texas 78721 
Mail Drop L-13 


A copy of the cover letter should also be mailed separate- 


ly. 


A.2 EPROMs 


MCM2708 and MCM2716 type EPROMs. programmed 
with the custom program (positive logic sense for address 
and datal. may be submitted for pattern generation. 
Both 
the MCM2708s and MCM2716s must be clearly marked to in- 
dicate which 
PROM corresponds to which address space 


ISFOOO-SFFFF).See Figure A-l 
for recommended marking 


procedure. 


~6d 


~6d 


After the EPROMs are marked. they sould be placed in a 


conductive 
IC carrier and securely packed. 
Do not 
use 


styrofoam. 


A.3 DISKETTE (MOOS) 


The startI end location should be written on the label using 
EXORCiserformat. 


An MC6801U4 may be purchased without 
specify- 


ing the ROM pattern. This standard part is labeled as 
MC6801U4L1 and contains a 2K monitor (UNICORN) 
in the ROM. This monitor may be used to evaluate and 
debug a program under development. 
Details and a 


source listing are specified in the UNICORN Moniror 
Reference Manual M68UNICORNlDli 


State 
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Package 
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SECTION 1 
INTRODUCTION 


The MC6804J2 
microcomputer 
unit 
(MCU) 
is a member 
of the M6804 Family of very low-cost 
single-chip 
microcomputers. 
This 8-bit 
microcomputer 
contains 
a CPU, on-chip 
CLOCK, 
ROM, 
RAM, 
I/O, 
and TIMER. 
It is designed for the user who needs an economical 
microcomputer 
with 
the proven capabilities 
of the M6800-based 
instruction 
set. 


HARDWARE 
FEATURES 


• 
5-Volt 
Single Supply 
• 
32 Bytes of RAM 


• 
Memory 
Mapped 
I/O 


• 
1008 Bytes of Program 
ROM 


• 
64 Bytes of Data ROM 
• 
12 Bidirectional 
I/O Lines (Eight Lines with 
High Current 
Sink Capability) 


• 
On-Chip 
Clock Generator 


• 
Self-Test 
Mode 


• 
Master Reset 
• 
Complete 
Development 
System 
Support 
on EXORciser 


• 
Software 
Programmable 
8-Bit Timer Control 
Register and Timer Prescaler (7 Bits, 2nl 


• 
Timer Pin is Programmable 
as Input or Output 


• 
On-Chip 
Circuit 
for ROM Verify 


SOFTWARE 
FEATURES 


• 
Similar to M6805 HMOS 
Family 


• 
Byte Efficient 
Instruction 
Set 


• 
Easy to Program 


• 
True Bit Manipulation 


• 
Bit Test and Branch Instruction 


• 


• 


• 
Separate Flags for Interrupt 
and Normal 
Processing 


• 
Versatile 
Indirect 
Registers 


• 
Conditional 
Branches 


• 
Single Instruction 
Memory 
Examine/Change 


• 
True LIFO Stack Eliminates 
Stack Pointer 


• 
Nine Powerful 
Addressing 
Modes 


• 
Any Bit in Data Space Memory 
May be Tested 


• 
Any Bit in Data Space Memory 
Capable of Being Written 
to May be Set or Cleared 


USER SELECTABLE OPTIONS 


• 
12 Bidirectional 
I/O Lines with 
LSTTL, 
LSTTL/CMOS, 
or Open-Drain 
Interface 


• 
Crystal or Low-Cost 
Resistor-Capacitor 
Oscillator 


• 
Mask Selectable 
Edge- or Level-Sensitive 
Interrupt 
Pin 


Accumulator 
A 
CPU 


Indirect 
Control 
Register 


PM 
INotel 
X 
PBO 


Port 
Indirect 
PBl 


A 
PA5 
Port 
Data 
Register 
PB2 
Port 
A 
Dir. 
INotel 
y 
CPU 
PB3 
B 
I/O 
Lines 
PA6 
Reg. 
Reg. 
PB4 
I/O 
Stack 
PB5 
Lines 
PA7 
PB6 
Program 
PB7 
Counter 
High 
PCH 
AlU 
l00Bx 
8 
Program 


User Program 
ROM 
Counter 


304x8 
low 
PCl 


Self~Test ROM 


• 


• 


SECTION 2 
FUNCTIONAL 
PIN DESCRIPTION, 
MEMORY, 
CPU, AND REGISTERS 


This section 
provides 
a description 
of the functional 
pins, memory 
spaces, the central 
processing 
unit (CPU), 
and the various 
registers and flags. 


2.1.1 
VCC and VSS 


Power 
is supplied 
to the 
MCU 
using 
these 
two 
pins. 
VCC 
is power 
and VSS 
is the 
ground 
connection 


This pin provides the capability 
for asynchronously 
applying 
an external interrupt 
to the MCU. Refer 
to 4.1 INTERRUPT 
for additional 
information. 


These 
pins provide 
connections 
to the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor 
and 
capacitor, 
or an external signal, depending 
on the user selectable 
manufacturing 
mask option, 
can 
be connected 
to these pins to provide 
a system clock source with various stability/ 
cost tradeoffs. 
Lead lengths and stray capacitance 
on these two pins should be minimized. 
Refer to 4.4 INTERNAL 
CLOCK GENERATOR 
OPTIONS 
for recommendations 
concerning 
these inputs. 


In the input mode, the timer pin is connected 
to the prescaler input and serves as the timer clock. 
In 
the output 
mode, the timer pin signals that a time out of the timer has occurred. 
Refer to SECTION 
3 TIMER 
for additional 
information. 


2.1.5 RESET 


The RESET pin is used to restart the processor 
of the MC6804J2 
to the beginning 
of a program. 
This pin, together 
with the MDS pin, is also used to select the operating 
mode of the MC6804J2. 
If 
the MDS pin is at zero volts, 
the normal 
mode is selected 
and the program 
counter 
is loaded with 
the user restart vector. 
However, 
if the MDS pin is at + 5 volts, then pins PA6 and PA7 are decoded 
to allow 
selection 
of the operating 
mode. 
Refer to 4.3 RESET for additional 
information. 


2.1.6 
MDS 


The MDS (mode select) pin is used to place the MCU into special operating 
modes. 
If MDS is held 
at + 5 volts at the exit of the reset state. the decoded state of PA6 and PA7 is latched to determine 
the operating 
mode (single-chip, 
self-test, 
or ROM verify). 
However, 
if MDS is held at zero volts 
at the exit of the reset state, the single-chip 
operating 
mode is automatically 
selected (regardless of 
PA6 and PA7 statel. 


For those users familiar with the MC6801 microcomputer, 
mode selection 
is similar but much less 
complex 
in the MC6804J2. 
No special external diodes, switches, 
transistors, 
etc. are required in the 
MC6804J2. 


2.1.7 
Input/Output 
Lines (PA4-PA7, 
PBO-PB7) 


These 12 lines are arranged into one 4-bit port (Al and one 8-bit port (B). All lines are programmable 
as either inputs or outputs 
under software 
control 
of the data direction 
registers. Refer to SECTION 
5 INPUT/OUTPUT 
PORTS for additional 
information. 
• 


The MCU operates in three different 
memory spaces: program space, data space, and stack space. 
A representation 
of these memory spaces is shown 
in Figure 2-1. The program 
space (Figure 2-1a) 
contains 
all of the instructions 
that are to be executed, 
as well as the data required 
for the im- 


mediate addressing 
mode instructions, 
and the self-test 
and user vectors. 
The data space (Figure 
2-1bl 
contains 
all of the RAM locations, 
plus 1/0 
locations 
and some ROM used for storage 
of 
tables and constants. 
The stack space (Figure 
2-1c) contains 
RAM 
which 
is used for stacking 
subroutine 
and interrupt 
return addresses. 


The MCU is capable of addressing 4096 bytes of program 
space memory with its program 
counter 
and 256 bytes of data space memory with 
its instructions. 
The data space memory contains 
three 
bytes 
for 
port 
data registers, 
three 
bytes for 
port 
data direction 
registers, 
one byte 
for 
timer 
status/control, 
64 bytes 
ROM, 
32 bytes 
RAM 
(which 
includes 
two 
bytes for X and Y indirect 
registers), 
two bytes for timer prescaler and count registers, and one byte for the accumulator. 
The 
program 
space section 
includes 304 bytes of self-test 
ROM, 1000 bytes program 
ROM, and eight 
bytes of vectors 
for self-test 
and user programs. 


The CPU of the M6804 Family is implemented 
independently 
from the 1/0 or memory configuration. 
Consequently, 
it can be treated as an independent 
central processor 
communicating 
with 
1/0 
and 
memory 
via internal addresses, 
data, and control 
buses. 


• 


Reserved IAII Onesl 


Self- Test ROM 


Program 
ROM 


Self-Test 
IRQ Vector 


Self·Test 
Restart Vector 


User IRQ Vector 


User Restart Vector 


Levell 


Level 2 


Level 3 


Level 4 


SFF7 


SFF8-SFF9 


SFFA-SFFB 


SFFC-SFFD 


SFFE-SFFF 


Port A Data Registerl 
0 I 0 I 0 I 0 


Port B Data 
Register 


1 I 1 I 1 I 1 I 0 I 0 I 0 I 0 


Not Used 


Port A DDR 
I 0 I 0 I 0 I 0 


Port B Data Direction 
Register 


111 
I 
1 I 
1 I 0 I 0 I 0 I 0 


Not Used 


Timer Status 
Control 
Register 


Future 
Expansion 


User Data Space ROM 


Future 
Expansion 


Indirect 
Register 
X 


Indirect 
Register 
Y 


Data Space RAM 


Future 
Expansion 


Prescale, 
Register 


Timer Count 
Register 


Accumulator 


2.4 
REGISTERS 


The M6804 Family 
CPU has four 
registers 
and two 
flags available 
to the programmer. 
They are 
shown 
in Figure 2-2 and are explained 
in the following 
paragraphs. 


7 
0 


I 


A 
I 


Accumulator 


These Are 
7 
0 
Registers 


I 
I 


Indirect 
In Data 
X 
Register 
X 
Space 
RAM 


7 
0 
• 


I 


y 
I 


Indirect 
Register 
Y 


11 
8 7 
0 


I 


PCH 
I 


PCL 
I 


Program 
Counter 


Normal 
Flags 
• ~ 


Interrupt 
Flags 
• ~ 


Fig~e 
2-2. Programming 
Model 


The accumulator 
is an 8-bit 
general 
purpose 
register 
used in all arithmetic 
calculations, 
logical 
operations, 
and data manipulations. 
The accumulator 
is implemented 
as the highest 
RAM location 


($FF) in data space and thus 
implies 
that 
several instructions 
exist which 
are not explicitly 
im- 


plemented. 
Refer to 6.3 IMPLIED 
INSTRUCTIONS 
for additional 
information. 


2.4.2 
Indirect 
Registers 
(X, V) 


These two indirect 
registers are used to maintain 
pointers 
to other memory 
locations 
in data space. 


They are used in the register-indirect 
addressing 
mode, 
and can be accessed 
with 
the direct, 
in- 


direct, 
short direct, 
or bit set/clear 
addressing 
modes. 
These registers are implemented 
as two of 


the 32 RAM locations 
($80, $81) and as such generate implied instructions 
and may be manipulated 


in a manner similar to any RAM memory 
location 
in data space. Refer to 6.3 IMPLIED 
INSTRUC- 
TIONS 
for additional 
information. 


2.4.3 
Program 
Counter 
(PC) 


The program 
counter 
is a 12-bit register that contains 
the address of the next ROM word to be used 


(may be opcode, 
operand, 
or address of operand). 
The 12-bit program 
counter 
is contained 
in PCl 
(low byte) and PCH (high nibble). 


• 


2.4.4 
Flags (e, Z) 


The carry (C) bit is set on a carry or a borrow 
out of the ALU. 
It is cleared if the result of an 
arithmetic 
operation does not result in a carry or a borrow. The (C) bit is also set to the value of the 
bit tested in a bit test instruction, 
and participates 
in the rotate left instruction. 


The zero (l) 
bit is set if the result of the last arithmetic or logical operation was equal to zero, other- 


wise it is cleared. 


There are two sets of these flags, one set is for interrupt processing, the other for all other routines. 
When an interrupt 
occurs, a context 
switch 
is made from the program flags to the interrupt 
flags 
(interrupt 
mode). An RTI forces the context 
switch 
back to the program 
flags (program 
mode). 
While in either mode, only the flags for that mode are available. Further, the interrupt flags will not 
be cleared upon entering the interrupt mode. Instead, the flags will be as they were at the exit of the 
last interrupt 
mode. Both sets of flags are cleared by reset. 


2.4.5 
Stack 


There is a true LIFO stack incorporated 
in the MC6804J2 which 
eliminates the need for a stack 


pointer. 
Stack 
space is implemented 
in separate 
RAM 
(12-bits 
wide) 
shown 
in Figure 2-1c. 
Whenever 
a subroutine 
call (or interrupt) 
occurs, the contents 
of the PC are shifted into the top 
register of the stack. At the same time (same cycle), the top register is shifted to the next level 
deeper. This happens to all registers with the bottom 
register falling out the bottom 
of the stack. 


Whenever 
a subroutine 
or interrupt 
return occurs, 
the top register is shifted into the PC and all 
lower registers are shifted up one level higher. The stack RAM is four levels deep. If the stack is 
pulled more than four times without 
any pushes, the address that was stored in the bottom level will 


be shifted into the PC. 


SECTION 3 
TIMER 


A block diagram 
of the MC6804J2 
timer circuitry 
is shown 
in Figure 3-1. The timer logic in the MCU 


is comprised 
of a simple 8-bit counter 
(timer count 
register, 
TCR) with a 7-bit prescaler, and a timer 
status/control 
register (TSCR). 
The timer count 
register, 
which 
may be loaded under program 
con- 


trol, 
is decremented 
towards 
zero by a clock input 
(prescaler 
output!. 
The prescaler is used to ex- 
tend the maximum 
interval 
of the overall timer. The prescaler tap is selected 
by bits 0-2 (PSO-PS2) 


of the timer status/ control 
register. 
Bits PSO-PS2 control 
the actual division 
of the prescaler within 
the range of divide-by-1 
120) to divide-by-128 
(27). The timer count 
register (TCRI and prescaler are 


decremented 
on rising clock edges. The coding 
of the TCS R PSO-PS2 bits produce 
a division 
in the 


prescaler as shown 
in Table 3-1. 


PS2 
PS1 
PSO 
Divide 
By 


0 
0 
0 
1 


0 
0 
1 
2 
0 
1 
0 
4 


0 
1 
1 
8 


PS2 
PSl 
PSO 
Divide By 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


The TIMER 
pin may be programmed 
as either an input 
or an output 
depending 
on the status 
of 


TOUT (TSCR bit 5!. Refer to Figure 3-1. In the input mode, TOUT is a logic zero and the TIMER pin 
is connected 
directly 
to the prescaler input. 
Therefore, 
the timer prescaler is clocked 
by the signal 


applied from the TIMER pin. The prescaler then divides its clock input by a value determined 
by the 
coding 
of the TSCR bits PSO-PS2 as shown 
in Table 3-1. The divided 
prescaler output 
then clocks 


the 8-bit timer count 
register 
(TCR). When 
the TCR is decremented 
to zero, it sets the TMZ bit in 
the timer status/control 
register ITSCR!. 
The TMZ bit can be tested under program 
control 
to per- 


form 
a timer 
function 
whenever 
it goes high. 
The frequency 
of the external 
clock 
applied 
to the 


TIMER pin must be less than tbyte 
lfosc/48). 


In the output 
mode, 
TOUT 
is a logic one and the TIMER 
pin is connected 
to the DOUT 
latch. 


Therefore, 
the timer 
prescaler 
is clocked 
by the internal 
sync pulse (divide-by-48 
of the internal 
oscillator!. 
Operation 
is similar to that described 
above for the input mode. 
However, 
in the outiJut 
mode, the low-to-high 
TMZ bit transition 
is used to latch the DOUT bit of the TSCR and provide 
it 
as output 
for the TIMER pin. 


NOTE 


TMZ 
is normally 
set to logic one when 
the timer 
times out (TCR decrements 
to $001; 


however, 
it may be set by a write 
of $00 to the TCR or by a write 
to bit 7 of the TSCR. 


II 


Prescaler 
TIMER 
TOUT 
Clock 
Pin 


0 
TIMER 
Pin 
Input 
Mode 


1 
Sync 
Output 
Mode 


• 


During 
reset, the timer count 
register 
and prescaler are set to $FF, while the timer status/control 
register is cleared to $00 and the DOUT LATCH 
(TI M ER pin is in the high-impedance 
input model 
is 
forced 
to a logic high. The prescaler and timer count 
register are implemented 
in data space RAM 
locations 
($FD, 
$FE); 
therefore, 
they 
are both 
readable 
and 
writeable. 
A write 
to 
either 
will 
predominate 
over the TCR decrement-to-$oo 
function; 
i.e., if a write and a TCR decrement-to-$OO 
occur simultaneously, 
the write will take precedence, 
and the TMZ bit is not set until the next timer 
time out. 
• 


7 


IMSB 


7 
654 


TMZ 
INot usedl 
TOUT 
I 
DOUT 


Low-to-high 
transition 
indicates the timer count 
register has decremented 
to zero 
since the timer status/ control 
register was last read. Cleared by a read of TSCR 
register if TMZ was read as a logic one. 


When 
low, this bit selects the input 
mode for the timer. 
When 
high, 
the output 
mode is selected. 


b4, DOUT 


b3, PSI 
Used to initialize the prescaler and inhibit 
its counting 
while PSI = O. The initialized 
value is set to $FF. The timer count 
register will also be inhibited 
(contents 
un- 
changed). 
When 
PSI = 1 the prescaler begins to count 
downward. 


bO, b1. b2 
PSO-PSl 
These 
bits are used to select the prescaler 
divide-by 
ratio; 
therefore, 
effecting 
the clock input frequency 
to the timer count 
register. 


II 


6 


!MSB 


The timer 
prescaler 
register 
indicates 
the state of the internal 
7-bit prescaler. 
This 7-bit 
prescaler 
divide 
ratio is normally 
determined 
by bits PSO-PS2 of the timer status/control 
register 
(see Table 


3-1). 


SECTION 4 
INTERRUPT, 
SELF-TEST, 
RESET, AND 
INTERNAL 
CLOCK GENERATOR 


4.1 
INTERRUPT 


The MC6804J2 
can be interrupted 
by applying 
a logic low signal to the IRQ pin; however, 
a mask 
option 
selected 
at the time of manufacture 
determines 
whether 
the negative-going 
edge or the 
actual 
low level is sensed to indicate 
an interrupt. 


4.1.1 
Edge-Sensitive 
Option 


When 
the IRQ pin is pulled low, the internal 
interrupt 
request latch is set. Prior to each instruction 
fetch, 
the interrupt 
request latch is tested and, if its output 
is low, an interrupt 
sequence is initiated 
at the end of the current 
instruction 
(provided 
the interrupt 
mask is cleared). 
Figure 4-1 contains 
a 
flowchart 
which 
illustrates 
both the reset and interrupt 
sequence. 
The interrupt 
sequence 
consists 
of one cycle 
during 
which: 
the interrupt 
request 
latch 
is cleared, 
the 
interrupt 
mode 
flags 
are 
selected, 
the PC is saved on the stack, 
the interrupt 
mask is set, and the IRQ vector 
(single chip 
mode= 
$FFC/$FFD, 
self-test 
mode= 
$FF8/$FF9) 
is loaded into the PC. Internal 
processing 
of the 
interrupt 
continues 
until an RTI (return 
from interrupt) 
instruction 
is processed. 
During the RTI in- 
struction, 
the interrupt 
mask is cleared and the program 
mode flags are selected. The next instruc- 


tion of the program 
is then fetched 
and executed. 
Once the interrupt 
was initially detected 
and the 
interrupt 
sequence 
started, 
the interrupt 
request latch is cleared so that the next (second) 
interrupt 
may be detected 
even while 
the previous 
(firstl 
one is being serviced. 
However, 
even though 
the 
second interrupt 
sets the interrupt 
request latch during 
processing 
of the first interrupt, 
the second 
interrupt 
sequence 
will not be initiated 
until completion 
of the interrupt 
service routine 
for the first 
interrupt. 
Completion 
of an interrupt 
service routine 
is always accomplished 
using an RTI instruc- 


tion to return to the main program. 
The interrupt 
mask (which 
is not directly 
available to the pro- 


grammer! 
is cleared during 
the last cycle of the RTI instruction. 
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4.1.2 
Level-Sensitive 
Option 


The actual 
operation 
of the level-sensitive 
and edge-sensitive 
options 
are similar except 
that the 
level-sensitive 
option 
does not have an interrupt 
request latch. With 
no interrupt 
request latch, the 
logic level of the IRQ pin is checked 
for detection 
of the interrupt. 
Also, 
in the interrupt 
sequence, 
there is no need to clear the interrupt 
request latch. These differences 
are illustrated 
in the flowchart 
of Figure 4-1. 


4.1.3 
Power Up and Timing 


During the power-up 
sequence the interrupt 
mask is set to preclude any false or "ghost" 
interrupts 
from occurring. 
To clear the interrupt 
mask, the programmer 
should write a JSR (instead of a JMP) 
instruction 
to an initialization 
routine 
as the first instruction 
in a program. 
The initialization 
routine 


• 


O-DDRs 


1-Interrupt 
Mask 
o -Interrupt 
Request 
Latch 
lEdge 
Sensitive Option) 
SFF-TCR 
SOO-TSCR 


SFF - 
Prescaler 


Select 


Program 


Mode 
Flags 


Put SFFE 


on 


Address 
Bus 


y 


RESTI 
Pin 
Low 


Load Program 
Counter from 
Reset Vector 
Location 


SFFE/SFFF 


Select 
Interrupt 
Mode 
Flags 


Clear 
Interrupt 
Request 


Latch 


should 
end with 
an RTI (instead of RTSl. 
Maximum 
interrupt 
response time is six machine 
(tbyte) 
cycles (see 4.4 INTERNAL 
CLOCK GENERATOR 
OPTIONS). 
This includes 
five machine 
cycles for 
the longest 
instruction, 
plus one machine cycle for stacking 
the PC and switching 
flags. Minimum 
response time is one machine 
cycle for stacking 
PC and switching 
flags (see 2.4.4 
Flags (C, Z)). 


4.2 
SELF-TEST 


The MC6804J2 
MCU has a unique 
internal 
ROM-based 
off-line ·self-test capability 
using signature 
analysis techniques. 
A test program 
stored in the on-chip 
ROM is initiated 
by configuring 
pins PA6 
and PA7 during 
reset. The test results are sampled 
on a cycle-by-cycle 
basis by a 16-bit on-chip 
signature 
analysis register configured 
as a linear feedback 
shift 
register (LFSR) using the standard 
CCITT 
CRC16 polynomial. 
A schematic 
diagram 
of the self-test 
connections 
is shown 
in Figure 
4-2. To perform 
a test of the MCU, 
connect 
it as shown 
in Figure 4-2a and monitor 
the LEOs for a 
1100 ($OC) pattern. 


A special ROM self-test 
utilizing 
the signature 
analysis circuitry 
is also included. 
To initiate a test of 
the ROM, connect 
the circuit 
as shown 
in Figure 4-2b. This mode also uses the on-chip 
signature 
analysis 
register 
to verify 
the contents 
of the custom 
ROM by monitoring 
an internal 
bus. The 
"Good" 
LED indicates 
that 
all ROM words 
have been read and that 
the result was the correct 
signature. 


The on-chip 
self-test 
and the 
ROM test are the basis of Motorola's 
production 
testing 
for the 
MC6804J2. 
These tests have been fault graded using statistical 
methods 
(refer to "The 
M6804 Built- 


in Self-Test", 
Proceedings 
of 1983 International 
Test Conference, 
pp. 295-300, Oct. 1983) and have 
been found 
to provide 
high fault coverage 
using automatic 
test equipment 
(ATE) or the circuit 
of 
Figure 4-2. 


The MCU can be reset in two ways: 
by initial power up (see Figure 4-1) and by the external reset in- 


put (RESET). 
During 
power 
up, a delay of tRHL is needed before allowing 
the RESET 
input to go 
high. 
This time delay allows 
the internal 
clock 
generator 
to stabilize. 
Connecting 
a capacitor 
and 
resistor to the RESET input, 
as shown 
in Figure 4-3, typically 
provides 
sufficient 
delay. 


The internal 
clock 
generator 
circuit 
is designed 
to require a minimum 
of external 
components. 
A 
crystal, 
a resistor-capacitor, 
or an external 
signal 
may be used to generate 
a system 
clock 
with 
various stability/ 
cost tradeoffs. 
A manufacturing 
mask option 
is required to select either the crystal 
oscillator 
or the RC oscillator 
circuit. 
The different 
clock generator 
option 
connection 
methods 
are 
shown 
in Figure 4-4, crystal specifications 
and suggested 
PC board layouts are given in Figure 4-5, 


resistor-capacitor 
selection 
graph is given in Figure 4-6, and a timing 
diagram 
is illustrated 
in Figure 
4-7. The crystal oscillator 
startup 
time is a function 
of many variables: 
crystal parameters 
(especially 
RS), oscillator 
load capacitance 
(CL), IC parameters, 
ambient 
temperature, 
and supply voltage. 
To 
ensure rapid oscillator 
startup, 
neither 
the crystal 
characteristics 
nor the load capacitance 
should 
exceed recommendations. 


The oscillator 
output 
frequency 
is internally 
divided 
by four 
to produce 
the internal 
q,1 and q,2 
clocks. 
The q,1 clock is divided 
by twelve 
to produce 
a machine 
byte (cycle) clock. 
A byte cycle is 
the smallest 
unit 
needed to execute 
any operation 
(j. e., increment 
the program 
counter!. 
An in- 


struction 
may need two, 
four, 
or five byte cycles to execute. 
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SECTION 5 
INPUT/OUTPUT 
PORTS 


There are 12 input/output 
pins. All pins (port A and Bl are programmable 
as either inputs or outputs 
under software 
control 
of the corresponding 
data direction 
register (DDRI. 
The port I/O programm- 
ing is accomplished 
by writing 
the corresponding 
bit in the port DDR to a logic one for output 
or a 
logic zero for input. 
On reset, all the DDRs are initialized 
to a logic zero state to put the ports in the 
input 
mode. 
The port output 
registers 
are not initialized 
on reset but should 
be initialized 
before 
changing 
the DDR bits to avoid undefined 
levels. When 
programmed 
as outputs, 
the latched 
out- 
put data is readable 
as input 
data, 
regardless 
of the logic levels at the output 
pin due to output 
loading; 
see Figure 5-1. All input/ output 
pins are LSTTL compatible 
as both inputs and outputs. 
In 
addition, 
both ports may have one of two mask options: 
1I internal pullup resistor for CMOS output 
compatibility, 
or 2) open drain output. 
The address 
map in Figure 2-1 gives the address of data 
registers 
and DDRs. 
The register 
configuration 
is discussed 
under the registers 
paragraph 
below 
and Figure 5-2 provides 
some examples 
of port connections. 


Data 
Direction 
Register 


Bit 


Latched 
Output 
Data 
Bit 


Oata 
Direction 
Output 
Input 


Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
Hi-Z 
Pin 


Port A. bit 7 programmed 
as output. 
driving 
CMOS 
loads and bIt 4 driving one 
LSTTL 
load directly (using CMOS 
output option) 


15 
PB7 


14 
PB6 


13 
PB5 
SN74LS04 
12 
PB4 
or 
MCl4069 
11 
PB3 
(Typical) 
10 
PB2 


9 
PB1 
8 
PBO 


• 


PB7 
15 


PB6 
14 


PB5 
13 


PB4 
.12 


PB3 
11 


PB2 
10 


PB1 
9 


PBO 
B 


• 


The latched output 
data bit (see Figure 5-1) may always be written. 
Therefore, 
any write 
to a port 
writes 
to all of its data bits even though 
the port DDR is set to input. 
This may be used to initialize 


the data registers and avoid undefined 
outputs; 
however, 
care must be exercised when using read- 


modify-write 
instructions 
since the data read corresponds 
to the pin level if the DDR is an input (0) 


and corresponds 
to the latched 
output 
data when 
the DDR is an output 
(1). The 12 bidirectional 
lines may be configured 
by port to be LSTTL 
(standard 
configuration), 
LSTTLICMOS 
(mask op- 


tion), 
or open drain (mask option). 
Port B outputs 
are LED compatible. 


NOTE 


The mask option 
only allows changes 
by port. 
For example, 
if the customer 
wishes 
PA7 
to be open drain, then PA4-PA7 
must all be open drain. 
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The source of data read from the port data register will be the port I/O pin or previously 
latched out- 
put data depending 
upon 
the contents 
of the corresponding 
data direction 
register 
(DDRI. 
The 
destination 
of data written 
to the port data register will be an output 
data latch. If the corresponding 
data direction 
register (DDR) for the port I/O pin is programmed 
as an output. 
the data will then ap- 
pear on the port pin. 


5.2.2 
Port Data Direction 
Register 


7 
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The port 
DDRs configure 
the 
port 
pins as either 
inputs 
or outputs. 
Each port 
pin can be pro- 
grammed 
individually 
to act as an input or an output. 
A zero in the pins corresponding 
bit position 
will program 
that pin as an input while a one in the pins corresponding 
bit position 
will program 
that 
pin as an output. 


SECTION 6 
SOFTWARE 
AND INSTRUCTION 
SET 


6.1.1 
Bit Manipulation 


The MC6804J2 
MCU has the ability 
to set or clear any register 
or single random 
access memory 
(RAM) 
writable 
bit with a single instruction 
(BSET, 
BCLR). Any bit in data space, including 
ROM, 
can be tested, 
using the BRSET and BRCLR instructions, 
and the program 
may branch as a result 
of its state. The carry bit is set to the value of the bit referenced 
by BRSET or BRCLR. A,rotate 
in- 
struction 
may then 
be used to Ciccumulate 
serial input 
data in a RAM 
location 
or register. 
The 


capability 
to work with any bit in RAM, 
ROM, or I/O allows the user to have individual 
flags in RAM 
or to handle 
I/O bits as control 
lines. 


The coding 
example in Figure 6-1 illustrates 
the usefulness 
of the bit manipulation 
and test instruc- 


tions. Assume 
that the MCU is to communicate 
with an external 
serial device. The external 
device 
has a data ready signal, 
a data output 
line, and a clock line (to clock data one bit at a time, 
MSB 
first, out of the device). 
The MCU waits until the data is ready, clocks the external device, 
picks up 
the data in the carry flag (C bit), 
clears the clock 
line, and finally 
accumulates 
the data bit in the 
accumulator. 
• 


MCU 


Ready - 


6P 


Serial 
0 
Device 
Clock 
5R 
T 
oala 
4A- 


BSET 
BRCLR 
CONT 
BCLR 
ROLA 


5,PORTA 
4,PORTA,CONT 
5,PORTA 
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6.1.2 
Addressing 
Modes 


The 
MC6804J2 
MCU 
has nine addressing 
modes 
which 
are explained 
briefly 
in the 
following 
paragraphs. 
The MC6804J2 
deals with 
objects 
in three different 
address spaces: 
program 
space, 


data space, and stack space. Program 
space contains 
the instructions 
which 
are to be executed, 


plus the data for immediate 
mode instructions. 
Data space contains 
all of the RAM 
locations, 
X 


and Y registers, 
accumulator, 
timer, 
I/O locations, 
and some ROM (for storage of tables and con- 


stants). 
Stack space contains 
RAM for use in stacking 
the return 
addresses 
for subroutines 
and 
interrupts. 


The term" 
Effective Address" 
(EA) is used in describing 
the address modes. EA is defined as the ad- 
dress from which 
the argument 
for an instruction 
is fetched 
or stored. 


6.1.2.1 
IMMEDIATE. 
In the immediate 
addressing 
mode, 
the operand 
is located 
in program 
ROM 
and is contained 
in a byte following 
the opcode. 
The immediate 
addressing 
mode is used to access 


constants 
which 
do not change during program 
execution 
(e.g., 
a constant 
used to initialize a loop 
counter) . 


6.1.2.2 
DIRECT. 
In the direct addressing 
mode, the effective 
address of the argument 
is contained 
in a single byte following 
the opcode 
byte. Direct addressing 
allows the user to directly 
address the 


256 bytes in data space memory 
with 
a single two-byte 
instruction. 


6.1.2.3 
SHORT DIRECT. The MCU also has four locations 
in data space RAM ($80, $81, $82, $83) 


which 
may be used in a short-direct 
addressing 
mode. In this mode the lower two bits of the opcode 


determine 
the data space. RAM location, 
and the instruction 
is only one byte. Short direct address- 
ing is a subset of the direct 
addressing 
mode. 
(The X and Y registers 
are at locations 
$80 or $81 
respectively. ) 


6.1.2.4 
EXTENDED. 
In the extended 
addressing 
mode, 
the effective 
address is obtained 
by con- 


catenating 
the four least significant 
bits of the opcode 
with 
the byte following 
the opcode 
(12-bit 
address). 
Instructions 
using the extended 
addressing 
mode (JMP, 
JSR) are capable of branching 
anywhere 
in program 
space. An extended 
addressing 
mode instruction 
is two 
bytes long. 


6.1.2.5 
RELATIVE. 
The relative addressing 
mode is only used in conditional 
branch instructions. 
In 
relative addressing, 
the address is formed 
by adding the sign exte,lded 
lower five bits of the opcode 
(the offset) 
to the program 
counter 
if and only if the condition 
is true. Otherwise, 
control 
proceeds 


to the next instruction. 
The span of relative addressing 
is from 
- 15 to + 16 from the opcode 
ad- 


dress. 
The 
programmer 
need 
not 
worry 
about 
calculating 
the 
correct 
offset 
when 
using 
the 


Motorola 
assembler since it calculates 
the proper offset and checks to see if it is within 
the span of 
the branch. 


6.1.2.6 
BIT SET/CLEAR. 
In the bit set/clear 
addressing 
mode, the bit to be set or cleared is part of 
the opcode, 
and the byte following 
the opcode specifies the direct address of the byte in which 
the 
specified 
bit is to be set or cleared. Thus, any bit in the 256 locations 
of data space memory, 
which 
can be written 
to, can be set or cleared. 


6.1.2.7 
BIT TEST AND 
BRANCH. 
The bit test and branch 
addressing 
mode is a combination 
of 
direct addressing 
and relative addressing. 
The bit which 
is to be tested 
is included 
in the opcode, 
and the data space address of the byte to be tested is in the single byte immediately 
following 
the 
opcode 
byte. 
The third 
byte is sign extended 
to twelve 
bits and becomes 
the offset 
added to the 


program 
counter 
if the condition 
is true. 
The single three-byte 
instruction 
allows 
the program 
to 


branch 
based on the condition 
of any bit in data space memory. 
The span of branching 
is from 
- 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred 
to the carry 
flag. 


6.1.2.8 
REGISTER-INDIRECT. 
In the register-indirect 
addressing 
mode, 
the operand 
is at the ad- 


dress (in data space) pointed 
to by the contents 
of one of the indirect 
registers (X or Y). The par- 


ticular X or Y register is selected by bit 4 of the opcode. 
Bit 4 of the opcode 
is then dec;oded into an 
address which 
selects the desired X or Y register ($80 or $81). A register-indirect 
instruction 
is one 
byte long. 


6.1.2.9 
INHERENT. 
In the inherent 
addressing 
mode, all the information 
necessary to execute 
the 


instruction 
is contained 
in the opcude. 
These instructions 
are one byte long. 


The MC6804J2 
MCU has a set of 42 basic instructions, 
which 
when combined 
with nine addressing 
modes produce 242 usable opcodes. 
They can be divided into five different 
types: register/memory, 


read-modify-write, 
branch, 
bit manipulation, 
and control. 
The following 
paragraphs 
briefly explain 
each type. 
All the instructions 
within 
a given type are presented 
in individual 
tables. 


6.2.1 
Register/ Memory 
Instructions 


Most 
of these 
instructions 
use two 
operands. 
One operand 
is the 
accumulator 
and the 
other 
operand 
is obtained 
from 
memory 
using one of the addressing 
modes. 
The jump 
unconditional 


(JMP) 
and jump 
to subroutine 
(JSR) 
instructions 
have no register operands. 
Refer to Table 6-1. 


6.2.2 
Read-Modify-Write 
Instructions 


These instructions 
read a memory 
location 
or a register, 
modify 
or test its contents, 
and write 
the 
modified 
value back to memory 
or to the register. 
There are ten instructions 
which 
utilize 
read- 


modify-write 
cycles. 
All INC and DEC forms 
along with 
all bit manipulation 
instructions 
use this 


method. 
Refer to Table 6-2. 


6.2.3 
Branch 
Instructions 


The branch instructions 
cause a branch from the program 
when a certain condition 
is met. Refer to 


Table 6-3. 


6.2.4 
Bit Manipulation 
Instructions 


These instructions 
are used on any bit in data space memory. 
One group either sets or clears. The 


other group 
performs 
the bit test branch 
operations. 
Refer to Table 6-4. 
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Addressing Modes 


Indirect 
Immediate 
Direct 
Inherent 
Extended 
Short-Direct 


Opcode 
, , 
, , 
, , 
, 
, 
, , 
, , 
Special 
Function 
Mnem 
Xp 
YP 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles Opcede 
Bytes 
Cycles Opcode 
Bytes 
Cycles 
Notes 


Load 
A from 
Memory 
LOA 
EO 
FO 
1 
4 
E8 
2 
4 
FB 
2 
4 
- 
- 
- 
- 
- 
- 
AC·AF 
1 
4 
1 


Load 
XP from 
Memory 
LDXI 
-- 
- 
- 
- 
BO 
3 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
4 


Load 
YP from 
Memory 
LDYI 
- 
- 
- 
- 
BO 
3 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
4 


Store 
A in Memory 
STA 
E1 
Fl 
1 
4 
- 
- 
- 
F9 
2 
4 
- 
- 
- 
- 
- 
- 
BC-BF 
1 
4 
2 


Add 
10 A 
ADD 
E2 
F2 
1 
4 
EA 
2 
4 
FA 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Subtract 
from 
A 
SUB 
E3 
F3 
1 
4 
E8 
2 
4 
F8 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Arithmetic 
Compare 
CMP 
E4 
F4 
1 
4 
EC 
2 
4 
FC 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


with 
Memory 


AND 
Memory 
to A 
AND 
E5 
F5 
1 
4 
ED 
2 
4 
FD 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Jump 
to Subroutine 
JSR 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
BITAR) 
2 
4 
- 
- 
- 
3 


Jump Unconditional 
JMP 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
9ITAR) 
2 
4 
- 
- 
- 
3 


Clear A 
CLRA 
- 
- 
- 
- 
- 
- 
- 
F8 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Clear XP 
CLRX 
- 
- 
- 
- 
- 
- 
- 
F8 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Clear 
yp 
CLRY 
- 
- 
- 
- 
- 
- 
- 
F8 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 


Complement 
A 
COMA 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
84 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Move 
Immediate 
Value 
MVI 
- 
- 
- 
- 
80 
3 
4 
80 
3 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
5 
to Memory 


Rotate 
A Left and 
Carry 
RDLA 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
85 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Arithmetic 
left 
Shift 
of A 
ASLA 
- 
- 
- 
- 
- 
- 
- 
FA 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


SPECIAL 
NOTES 


1. In Short-Direct 
addressing, 
the LOA mnemonic 
represents 
opcode 
AC, AD, 
AE, and AF_ This is equivalent 
to RAM 
locations 
$80 lAC), 
$81 IADI. 
$82 IAEI. 
and $83 IAF) 


2_ In Short-Direct 
addressing, 
the STA 
mnemonic 
represents 
opcode 
8C, 
BD, BE, and BF. This is equivalent 
to RAM 
locations 
$80 IBCI, 
$81 IBDI. 
$82 IBEI, 
and $83 iBFI. 


3. 
In Extended addressing, 
the four LSBs of the opcode IMnemonic 
JSR and JMPI 
are formed 
by the lour MSBs 01 the target address. 


4. 
In Immediate 
addressing. 
the LOXI and LOYI are mnemonics which are recognized as follows: 


LDXI = MYI 
$80,data 


LDYI = MYI 
$81 ,data 
Where 
data is a one-byte 
hexadecimal 
number. 


5. 
In both Immediate and Direct addressing, the MVI instruction has the same opcode (801. 


Addressing 
Modes 


Indirect 
Direct 
Short-Direct 
Upcode 
, 
, 
# 
, 
, 
# 
Special 
Function 
Mnem 
X 
Y 
Bytas 
Cycles 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Notes 


Increment 
Memorv 
Location 
INC 
E6 
F6 
1 
4 
FE 
2 
4 
AS-AB 
1 
4 
1,3 


Increment A 
INCA 
- 
- 
FE 
2 
4 


Increment XP 
INCX 
- 
- 
- 
- 
- 
- 
- 
AB 
1 
4 
- 


Increment YP 
INCY 
- 
A9 
1 
4 
- 


Decrement 
Memory 
Location 
DEC 
E7 
F7 
1 
4 
FF 
2 
4 
BB-BB 
1 
4 
2,4 


Decrement A 
DECA 
- 
- 
- 
- 
FF 
2 
4 
- 
- 
- 
- 


Decrement XP 
DECX 
- 
B8 
1 
4 
- 


Decrement YP 
DECY 
- 
- 
- 
- 
- 
- 
- 
B9 
1 
4 
- 


SPECIAL 
NOTES 


1. In Short-Direct 
addressing, 
thelNC 
mnemonic 
represents 
opcode A8, A9, AA, 
and AB. These are equivalent 
to RAM locations 
$80 IA8!, 
$B1 IA9!, 
$82 IAA!, 


and $83IABI. 


2. In Short-Direct 
addressing, 
the DEC mnemonic 
represents opcode 
B8, B9, BA, and BB. These are equivalent 
to RAM locations 
$80 IB8!, 
$81 IB91, $B2 IBA!, 


and $83 IBBI. 


3. In Indirect 
addressing, 
the INC'mnemonic 
represents 
opcode 
E6 or F6, and causes the location 
pointed 
to by X IE6 opcode! 
or Y IF6 opcode! 
to be incremented. 


4. 
In Indirect 
addressing, 
the INC mnemonic 
represents 
opcode 
E7 or F7, and causes the location 
pointed 
to by X IE7 opcode) 
or Y (F7 opcode! 
to be incremented 
. 


• 


II 


Relative 
Addressing 
Mode 
, 
, 
Special 


Function 
Mnem 
Opcode 
Bytes 
Cycles 
Notes 


Branch 
if Carry Clear 
BCC 
4O-5F 
1 
2 
1 


Branch 
if Higher 
or Same 
IBHSI 
4O-5F 
1 
2 
1, 2 


Branch 
if Carry Set 
BCS 
6O-7F 
1 
2 
1 


Branch 
If Lower 
IBlOI 
6O-7F 
1 
2 
1,3 


Branch 
jf Not Equal 
BNE 
00-1F 
1 
2 
1 


Branch 
if Equal 
3EO 
20-3F 
1 
2 
1 


1. Each mnemOniC of the Branch 
Instructions 
covers a range of 32 opcodes; 
e.g .. Bee ranges from 40 through 
5F 
The 
actual 
memory 
location 
(target 
addressl 
to whic" 
the branch 
is made is formed 
by adding 
the sign extended 
lower 
five 
bits of the opcode to the contents 
of the program counter 
2. ThE: BHS instruction 
(shown 
In parentheses) 
is Identical to the Bee Instruction. 
The C bit ISc1ear.f the register was higher 


or the same as the location 
in the memory 
to which 
It was compared 
3. 
The BLO Instruction 
(shown 
in parentheses) 
1$ Identical 
to the BCS InstructIOn 
The C bit IS set If the register was lower 


than the location 
In memory 
to which 
It was compared 


Addressing 
Modes 


Bit SetlClear 
Bit Test and Branch 
, 
, 
, 
, 
Special 
Function 
Mnem 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Note 


Branch 
IFF Bit n IS set 
BRSET n In=O 
71 
- 
- 
- 
CB+ n 
3 
5 
1 


Branch 
IFF Bit n IS clear 
BRClR 
n In~O 
71 
- 
- 
- 
CO+ n 
3 
5 
1 


Set Bit n 
BSET n In=O 
71 
08+ 
n 
2 
4 
- 
- 
- 
1 


Clear Bit n 
BClR 
n In~O 
71 
00+ 
n 
2 
4 
- 
- 
- 
1 


SPECIAL 
NOTE 


,. 
The opcode 
is formed 
by adding 
the bit number 
fO·]1 to the baSICopcode. 
For example: 
to clear bit 
SIX uSing the BSET6 
instruction 
the opcode 
becomes 
DE (08+6); 
BCLR5 becomes 
(CO+51; ete 


6.2.5 
Control 
Instructions 


The control 
instructions 
control 
the MCU operations 
during 
program 
execution. 
Refer to Table 6-5. 


6.2.6 
Alphabetical 
Listing 


The 
complete 
instruction 
set 
is given 
in alphabetical 
order 
in Table 
6-6. 
There 
are 
certain 
mnemonics 
recognized 
by the Motorola 
assembler 
and converted 
to other 
instructions. 
The fact 
that all registers and accumulator 
are in RAM allows many implied instructions 
to exist. The implied 
instructions 
recognized 
by the Motorola 
assembler 
are identified 
in Table 6-6. 


6.2.7 
Opcode 
Map Summary 


Table 6-7 contains 
an opcode 
map for the instructions 
used on the MCU. 


Since the accumulator 
and all other 
registers are located 
in RAM many implied 
instructions 
exist. 


The assembler-recognized 
implied 
instructions 
are given in Table 6-6. Some examples 
not recog- 


nized by the assembler 
are shown 
below. 


BCLR,7 
SFF 
BSET,7 
$FF 
BRCLR,7 
$FF 
BRSET,7 
SFF 
BRCLR,7 
S80 
BRSET,7 
$80 


BRCLR,7 
$81 
BRSET,7 
$81 


Ensures accumulator 
is plus 


Ensures accumulator 
is minus 


Branch 
iff accumulator 
is plus 


Branch 
iff accumulator 
is minus 


Branch 
iff X is plus (BXPU 
Branch 
iff X is minus (BXMIl 


Branch 
iff Y is plus (BYPU 
Branch 
iff Y is minus (BYMIl 
• 


• 


Addressing 
Modes 


Short-Direct 
Inherent 
Relative 
, 
, 
, 
, 
, 
, 
Special 


Function 
Mnem 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Notes 


Transfer A to X 
TAX 
BC 
1 
4 
- 


Transfer A to Y 
TAY 
BD 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Transfer X to A 
·TXA 
AC 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Transfer Y to A 
TYA 
AD 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Return 
from 
Subroutine 
RTS 
- 
- 
- 
B3 
1 
2 
- 
- 
- 
- 


Return from Intarruot 
RTI 
- 
- 
- 
B2 
1 
2 
- 
- 
- 
- 


No-Operation 
NOP 
- 
- 
- 
- 
- 
- 
- 
- 
- 
1 


Addressing 
Modes 
Flags 


Short 
Bit/Set 
Bit- Test· 
Register 


Mnemonic 
Inherent 
Immediate 
Direct 
Direct 
Clear 
Branch 
Indirect 
btended 
Relative 
Z 
C 


ADD 
X 
X 
I 
I 
X 
1\ 
1\ 


AND 
X 
X 
I 
X 
1\ 
· 
ASLA 
Assembler 
converts 
this to "ADD 
$FF" 
· 
· 
BCC 
X 
· 
· 
BClR 
X 
· 
· 
BCS 
X 
· 
· 
BEQ 
X 
· 
· 
BHS 
Assembler 
converts 
this to "BCC" 
· 
· 
BlO 
Assembler 
converts 
this to "BCS" 
· 
· 
BNE 
X 
· 
· 
BRClR 
X 
· 


1\ 


BRSET 
X 
· 


1\ 


BSET 
X 
· 
· 
ClRA 
Assembler 
converts 
this to "SUB 
$FF" 
1\ 
1\ 


ClRX 
Assembler 
converts 
this to "MVI 
$80,'0" 
· 
· 
ClRY 
Assembler 
converts 
this to "MVI 
S81,IO" 
· 
· 
CMP 
X 
X 
I 
I 
X 
1\ 
1\ 


COMA 
X 
I 
1\ 
1\ 


DEC 
X 
X 
I 
X 
1\ 
· 
DECA 
Assembler 
converts 
this to "DEC 
SFF" 
1\ 
· 
DECX 
Assembler 
converts 
this to "DEC 
S8O" 
1\ 
· 
DECY 
Assembler 
converts 
this to "DEC 
$81" 
1\ 


INC 
X 
X 
I 
I 
X 
1\ 


INCA 
Assembler 
converts 
this to "INC 
$FF" 
1\ 
· 
INCX 
Assembler 
converts 
this to "INC 
$80" 
1\ 
· 
INCY 
Assembler 
converts 
this to "INC 
$81" 
1\ 
· 
JMP 
I 
X 
· 
· 
JSR 
I 
I 
X 
· 
· 
lOA 
X 
X 
X 
I 
X 
1\ 
· 
LDXI 
Assembler 
converts 
thiS to "MVI 
$8O,DATA" 
· 
· 
LDYI 
Assembler 
converts 
thiS to "MVI 
$Bl,DATA" 
· 
· 


MVI 
X 
X 
I 
I 
· 
NQP 
/ 
Assembler 
converts 
thiS to "BEQ 
(PCI- 
1" 
· 
· 
ROlA 
X 
1\ 
1\ 


RTI 
X 
1\ 
1\ 


RTS 
X 
· 
· 
STA 
X 
X 
X 
1\ 
· 
SUB 
X 
X 
X 
1\ 
1\ 


TAX 
Assembler 
converts 
thiS to "STA 
$80" 
· 
· 
TAY 
Assembler 
converts 
thiS to "STA 
S81" 
· 
· 
TXA 
Assembler 
converts 
thiS 10 "LOA 
$80" 
· 
· 
TYA 
Assembler 
converts 
thIS to" LOA S81" 
· 
· 


• 


• 


Branch 
Instructions 


~ 


0 
1 
2 
3 
4 
5 
6 
7 
Low 
Iסס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 


2 
2 
2 
2 
2 
2 
2 
2 
0 
BNE 
BNE 
BEa 
BEQ 
Bee 
Bee 
Bes 
Bes 


סס oo 
1 
REL 
1 
REL 
1 
AEL 
1 
RU 
1 
REl 
1 
REL 
1 
AEl 
1 
REl 


2 
2 
2 
2 
2 
2 
2 
2 


1 
BNE 
BNE 
BEQ 
BEQ 
Bee 
Bee 
Bes 
Bes 


0001 
1 
REl 
1 
REl 
1 
AEL 
1 
REL 
1 
REL 
1 
REL 
1 
RU 
1 
REl 


2 
2 
2 
2 
2 
2 
2 
2 


2 
BNE 
BNE 
BEQ 
BEa 
Bee 
Bee 
Bes 
Bes 


0010 
1 
REL 
1 
REL 
1 
AEl 
1 
REl 
1 
REl 
1 
REL 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


3 
BNE 
BNE 
BEQ 
BEa 
Bee 
Bee 
Bes 
Bes 


0011 
1 
AEL 
1 
REL 
1 
REl 
1 
REL 
1 
REL 
1 
REl 
1 
REL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


4 
BNE 
BNE 
BEQ 
BEa 
Bee 
Bee 
Bes 
Bes 


0100 
1 
AEL 
1 
REL 
1 
AEl 
1 
REL 
1 
REL 
1 
AEl 
1 
AEL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


5 
BNE 
BNE 
BEQ 
BEa 
Bee 
Bee 
Bes 
Bes 


0101 
1 
REl 
1 
REL 
1 
AEL 
1 
AEL 
1 
REL 
1 
AEL 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


6 
BNE 
BNE 
BEQ 
BEQ 
Bee 
Bee 
Bes 
Bes 


0110 
1 
REl 
1 
REL 
1 
REL 
1 
AEL 
1 
REL 
1 
AEL 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


7 
BNE 
BNE 
BEQ 
BEQ 
Bee 
Bee 
Bes 
Bes 


0111 
1 
REL 
1 
AEL 
1 
AEl 
1 
REL 
1 
AEL 
1 
REl 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


8 
BNE 
BNE 
BEQ 
BEQ 
Bee 
Bee 
Bes 
Bes 


1000 
1 
AEL 
1 
AEl 
1 
REL 
1 
AEl 
1 
REL 
1 
REL 
1 
REL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


9 
BNE 
BNE 
BEQ 
BEa 
Bee 
Bee 
Bes 
.Bes 


1001 
1 
AEl 
1 
REl 
1 
REl 
1 
REl 
1 
REl 
1 
REL 
1 
AEl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


A 
BNE 
BNE 
BEQ 
BEQ 
Bee 
Bee 
Bes 
Bes 


1010 
1 
REl 
2 
RH 
1 
REL 
1 
REL 
1 
REL 
1 
REL 
1 
REL 
1 
REl 


2 
2 
2 
2 
2 
2 
2 
2 


B 
BNE 
BNE 
BEQ 
BEQ 
Bee 
Bee 
Bes 
Bes 


1011 
1 
AEl 
1 
REL 
1 
REL 
1 
REl 
1 
AEl 
1 
AEl 
1 
RE 
1 
REl 


2 
2 
2 
2 
2 
2 
2 
2 


e 
BNE 
BNE 
BEa 
BEQ 
Bee 
Bee 
Bes 
Bes 


1100 
1 
AEL 
1 
AH 
1 
REl 
1 
REL 
1 
REl 
1 
AEl 
1 
REL 
1 
REl 


2 
2 
2 
2 
2 
2 
2 
2 


D 
BNE 
BNE 
BEa 
BEQ 
Bee 
Bee 
Bes 
Bes 


1101 
1 
AEl 
1 
AH 
1 
REl 
1 
AEL 
1 
REL 
t 
AEl 
1 
AEL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


E 
BNE 
BNE 
BEa 
BEQ 
Bee 
Bee 
Bes 
Bes 


1110 
1 
AEl 
1 
REl 
1 
AEL 
1 
REl 
1 
REL 
1 
REl 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


F 
BNE 
BNE 
BEQ 
BEQ 
Bee 
Bee 
Bes 
Bes 


1111 
1 
REl 
1 
AEl 
1 
REl 
1 
REl 
1 
REl 
1 
REl 
1 
AEL 
1 
REL 


INH 
SoD 
B-T-B 
IMM 
DIR 
EXT 
REL 
Bse 
R-IND 


Inherent 
Short Direct 
Bit Test and Branch 
Immediate 


Direct 
Extended 
Relative 
Bit Setl elear 
Register Indirect 


Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 


Register/Memory, 
Control, 
and 
Bit Manipulation 
Register/Memory 
and 


Read/Modify/Write 
Instructions 
Instructions 
Read/ 
Modify/Write 


8 
9 
A 
B 
C 
D 
E 
F 


~ 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 
I 
Low 


4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
MVI 
BRCLRO 
BCLRO 
LDA 
LDA 
0 


2 
eXT 
2 
EXT 
3 
IMM 
3 
8-T·B 
2 
Bse 
I 
A INO , 
A·INDסס oo 


4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
· 
BRCLR1 
BCLR1 
STA 
STA 
1 


2 
EXT 
2 
EXT 
3 
B·T-B 
2 
Bsc , 
R·IND , 
R-IND 
000' 


4 
4 
2 
5 
4 
4 
4 


JSRn 
JMPn 
· 
RTI 
BRCLR2 
BCLR2 
ADD 
ADD 
2 


2 
EXT 
2 
EXT 
1 
INH 
3 
81-8 
2 
Bsc 
1 
R·IND 
1 
R·IND 
0010 


4 
4 
2 
5 
4 
4 
4 
JSRn 
JMPn 
· 
RTS 
BRCLR3 
BCLR3 
SUB 
SUB 
3 


2 
eXT 
2 
EXT 
1 
INH 
3 
B·T-B 
2 
Bse , 
R-INO 
1 
A·IND 
0011 


4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
COMA 
BRCLR4 
BCLR4 
CMP 
CMP 
4 


2 
eXT 
2 
EXT 
1 
INH 
3 
B T-B 
2 
BSe , 
A·INO 
1 
A INO 
0'00 


4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
ROLA 
BRCLR5 
BCLR5 
AND 
AND 
5 


2 
eXT 
2 
EXT 
1 
INH 
3 
B·T·8 
2 
Bsc 
1 
A !NO 
1 
A-IND 
0101 


4 
4 
5 
4 
4 
4 
JSRn 
JMPn 
· 
· 
BRCLR6 
BCLR6 
INC 
INC 
6 


2 
EXT 
2 
EXT 
3 
B T-B 
2 
BSe 
1 
R INO 
1 
A·IND 
0110 


4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
· 
BRCLR7 
BCLR7 
DEC 
DEC 
7 


2 
eXT 
2 
EXT 
3 
B-T-B 
2 
Bsc , 
RIND , 
R·IND 
0111 


4 
4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
INC 
DEC 
BRSETO 
BSETO 
LDA 
LDA 
8 


2 
eXT 
2 
EXT 
1 
so 
1 
S·D 
3 
B·T·B 
2 
Bsc 
2 
IMM 
2 
olR 
1000 


4 
4 
4 
4 
5 
4 
4 
JSRn 
JMPn 
INC 
DEC 
BRSETl 
BSETl 
# 
STA 
9 
2 
EXT 
2 
EXT 
1 
so 
1 
5-0 
3 
B T·B 
2 
Bsc 
2 
olR 
'001 


4 
4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
INC 
DEC 
BRSET2 
BSET2 
ADD 
ADD 
A 
2 
eXT 
2 
EXT 
1 
so 
1 
so 
3 
B I-B 
2 
sse 
2 
IMM 
2 
olR 
1010 


4 
4 
4 
4 
5 
4 
4 


JSRn 
JMPn 
INC 
DEC 
BRSET3 
BSET3 
SUB 
SUB 
B 


2 
EXT 
2 
EXT 
I 
SO 
1 
so 
3 
B·T·B 
2 
Bsc 
IMM 
2 
olR 
1011 


4 
4 
4 
4 
5 
4 
4 
JSRn 
JMPn 
LDA 
STA 
BRSET4 
BSET4 
CMP 
CMP 
C 
2 
eXT 
2 
EXT 
I 
so 
1 
SO 
3 
B·T-B 
2 
ese 
2 
IMM 
olR 
1100 


4 
4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
LDA 
STA 
BRSET5 
BSET5 
AND 
AND 
D 
2 
EXT 
2 
EXT , 
SO 
I 
so 
3 
B·T-B 
2 
Bsc 
2 
IMM 
2 
olR 
1101 


4 
4 
4 
4 
5 
4 
4 


JRSn 
JMPn 
LDA 
STA 
BRSET6 
BSET6 
# 
INC 
E 


2 
EXT 
2 
EXT , 
SO 
I 
s·o 
3 
B l·B 
2 
Bsc 
2 
olR 
1110 


4 
4 
4 
4 
5 
4 
4 


JSRn 
JMPn 
LDA 
STA 
BRSET7 
BSET7 
# 
DEC 
F 


2 
eXT 
2 
EXT 
I 
SO 
1 
SO 
3 
B-T-8 
2 
Bse 
2 
olR 
1111 


Cycles 


Mnemonic 


Bytes 


• 


• 


SECTION 7 
ELECTRICAL 
SPECIFICATIONS 


/ 
Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3toI7.0 
V 


Operating 
Temperature 
Range (Camm.) 
TA 
o to 70 
·C 


Operating 
Temperature 
Range Ond.> 
TA 
-40 
to 85 
·C 


Storage 
Temperature 
Range 
T5tg 
-55 
to 150 
·C 


Junction 
Temperature 
Range 


Plastic 
150 
Ceramic 
TJ 
175 
·C/W 
Cerdip 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Plastic 
TBO 
Ceramic 
8JA 
TBO 
·C/W 
Cerdip 
TBO 


TestPoint~ 


130 
pF IT otall 


Figure 7-1. LSTTL 
Equivalent 
Test Load (Port 
B) 


Figure 7-2. CMOS 
Equivalent 
Test Load (Ports A and B) 


This device 
contains 
circuitry 
to protect 


the inputs against damage due to high 
static voltages 
of electric 
fields; 
however. 


it is advised that 
normal 
precautions 
be 
taken to avoid application 
of any voltag8 
higher 
than 
maximum 
rated voltages 
to 
this 
high 
impedance 
circuit. 
For proper 
operation 
it is recommended 
that Vin and 
Vout 
be 
constrained 
to 
the 
range 
VSS",IVin 
or VoutJ"'VCc. 
Reliability 
of 
operation 
is enhanced 
if 
unused 
inputs 
except 
EXTAL 
are connected 
to an ap- 


propriate 
logic voltage 
level le.g., 
either 
VSS or VCCI. 


Figure 7-3. LSTTL 
Equivalent 
Test Load (Port A and TIMER) 


The average chip-junction 
temperature, 
Tj, 
in °C can be obtained 
from: 


Tj=TA+(POo/ljAl 
(1) 
Where: 
TA = Ambient 
Temperature, 
°C 
/ljA 
= Package Thermal 
Resistance, 
junction-to-Ambient, 
°C/W 


PO= PINT+ 
PPORT 
PINT= 
ICC x VCC, Watts 
- 
Chip Internal 
Power 
PPORT = Port Power 
Oissipation, 
Watts 
- 
User Oetermined 
For most applications 
PPORT<cPINT 
and can be neglected. 
PPORT may become 
significant 
if 
the device is configured 
to drive Oarlington 
bases or sink LEO loads. 
An approximate 
relationship 
between 
Po and Tj 
(if PPORT is neglec.tedl 
is: 


PO=K+(Tj+273°Cl 
(2) 
Solving 
equations 
1 and 2 for K gives: 


K=P00(TA+273°C)+/ljAoP02 
(3) 
Where 
K is a constant 
pertaining 
to the particular 
part. K can be determined 
from equation 
3 by 
measuring 
Po (at equilibrium) 
for a known TA. Using this value of K the values of Po and Tj can be 
obtained 
by solving 
equations 
(1) and (2) iteratively 
for any value of TA 


7.5 
ELECTRICAL 
CHARACTERISTICS 
(VCC= 
+5.0 
Vdc±0.5 
Vdc, VSS=O 
Vdc, 
TA=O°C 
to 
70°C, 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Internal Power Dissipation- 
No Port Loading 
PINT 
- 
150 
mW 


Input 
High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input 
Low 
Voltage 
VIL 
03 
0.8 
V 


Input Capacitance 
Cin 
- 
10 
- 
pF 


Input 
Current 
IIRO. 
RESET) 
'in 
- 
2 
20 
~A 


7.6 
SWITCHING 
CHARACTERISTICS 
(VCC= 
+5.0 
Vdc±0.5 
Vdc, VSS= 
GNO, TA=O°C 
to 
70°C, 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
IOSC 
4.0 
- 
11.0 
MHz 


Bit Time 
tbit 
0364 
- 
10 
~s 


Byte Cycle Time 
tbvte 
4.36 
12.0 
~s 


TAG and TIMER 
Pulse Width 
tWL.tWH 
2xtbyte 
- 
- 


RESET Pulse Width 
tRWL 
2xtbyte 
- 
- 


RESET Delay Time 
IExternal 
Capacitance-1.0 
~F) 
tRHL 
100 
- 
- 
ms 


• 


7.7 PORT DC ELECTRICAL 
CHARACTERISTICS 
(Vee= 
+ 5.0 Vdc±0.5 
Vdc. Vss= 
GND. 
TA = ooe to 7ooe, 
unless otherwise 
noted) 


Characteristic 
I Symbol 
Min 
Typ 
Max 
I 
Unit 


Timer and Port A IStandard) 


Output 
Low Voltage, 
ILoad=OA 
mA 
VOL 
- 
- 
05 
V 


Output 
High Voltage, 
ILoad - 
- 50 ~A 
VOH 
23 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITS I 
4 
40 
~A 


Port A IOpen Drain) 


Output 
Low Voltage, 
ILoad = OA mA 
VOL 
- 
- 
05 
V 


Input 
High Voltage 
VIH 
2.0 
VCC 
V 


Input Low Voltage 
VIL 
0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
4 
40 
~A 


Open Drain Leakage (Vout - V CCI 
ILOD 
4 
40 
~A 


Port A ICMOS 
Drive) 


Output 
Low Voltage, 
ILoad=OA 
mA (Sinkl 
VOL 
- 
- 
05 
V 


Output 
High Voltage, 
ILoad- 
-10 
~A 
VOH 
VCC-1.C 
- 
- 
V 


Output 
High Voltage, 
ILoad= 
-100 
~A 
VOH 
23 
- 
- 
V 


Input High Voltage, 
ILoad- 
-300 
~A Max 
VIH 
20 
- 
VCC 
V 


Input Low Voltage, 
ILoad- 
-3OO~A 
Max 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 1Vin-OA 
V to VCCI 
ITS I 
- 
- 
-300 
~A 


Port B IStandard) 


Output 
Low Voltage, 
ILoad= 
1.0 mA 
VOL 
- 
- 
0.5 
V 


Output 
Low Voltage, 
ILoad-lO 
mA ISinkl 
VOL 
- 
- 
1.5 
V 


Output 
High Voltage, 
ILoad- 
-100 
~A 
VOH 
2.3 
- 
- 
V 


Input 
High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi·Z State Input Current 
ITS I 
- 
8 
BO 
~A 


Port B IOpen Drain) 


Output 
Low Voltage, 
ILoad-1.0 
mA 
VOL 
- 
- 
0.5 
V 


Output 
Low Voltage, 
ILoad-lO 
mA ISink) 
VOL 
- 
- 
1.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input 
Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITS I 
- 
8 
BO 
~A 


Open Drain Leakage IV out - VCCI 
ILOD 
- 
8 
BO 
~A 


Port B (CMOS 
Drive) 


Output 
Low Voltage, 
ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output 
High Voltage, 
ILoad-lO 
mA (Sink) 
VOL 
- 
- 
1.5 
V 


Output 
High Voltage, 
ILoad - 
- 10 ~A 
VOH 
VCC-1.C 
- 
- 
V 


Output 
High Voltage, 
ILoad- 
- 50 ~A 
VOH 
2.3 
- 
- 
V 


Input High Voltage, 
ILoad = - 300 ~A Max 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, 
ILoad = - 300 ~A Max 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input CurrentlVin=OA 
V to VCCI 
ITSI 
- 
- 
-300 
~A 


SECTION 8 
ORDERING 
INFORMATION 


The following 
information 
is required 
when 
ordering 
a custom 
MCU. 
The information 
may be 
transmitted 
to Motorola 
in the following 
media: 


EPROM(s), 
MCM2716 
or MCM2532 


MOOS, 
disk file 


To initiate a ROM pattern for the MCU, it is necessary to first contact 
your local field service office, 
local sales person, 
or your local Motorola 
representative. 


8.1.1 
EPROMs 


An MCM2716 
or MCM2532 
type EPROM, 
programmed 
with 
the customer 
program 
(positive 
logic 
sence for address and data), 
may be submitted 
for pattern 
generation. 
Since all program 
and data 
space 
information 
will 
fit 
on one 
MCM2716 
or MCM2532 
EPROM, 
the 
EPROM 
must 
be pro- 
grammed 
as follows 
in order to emulate 
the MC6804J2 
MCU. 
For an MCM2716, 
start the data 
space ROM at EPROM address $020 and start program 
space ROM at EPROM address $410 and 
continue 
to memory space $7FF. Memory 
spaces $7F8 through 
$7FB are reserved for Motorola 
self- 
test vectors. 
For an MCM2532, 
the memory 
map shown 
in Figure 2-1 can be used. All unused 
bytes, 
including 
the user's space, 
must 
be set to zero. 
For shipment 
to Motorola, 
the EPROMs 
should 
be placed in a conductive 
IC carrier and packed securely. 00 not use styrofoam. 


An 
MOOS 
disk, 
programmed 
with 
the customer 
program 
(positive 
logic sense for address 
and 
data), 
may be submitted 
for pattern 
generation. 
When 
using the MOOS 
disk, 
include 
the entire 
memory 
image of both data and program 
space. All unused bytes, including 
the user's space, must 
be set to zero. 


8.2 VERIFICATION 
MEDIA 


All original 
pattern 
media (EPROMs 
or floppy 
disk) are filed for contractual 
purposes 
and are not 
returned. 
A computer 
listing 
of the ROM code will be generated 
and returned 
along with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
completed, 
signed, 
and returned 
to Motorola. 
The signed verification 
form constitutes 
the contracturel 
agree- 
ment 
for creation 
of the customer 
mask. 
If desired, 
Motorola 
will 
program 
a blank 
MCM2716, 
MCM2532, 
or MOOS disk (supplied 
by the customer) 
from the data file used to create the custom 
mask to aid in the verification 
process. 


• 


• 


Ten MCUs containing 
the customer's 
ROM pattern will be sent for program 
verification. 
These units 
will have been made using the custom 
mask but are for the purpose 
of ROM verification 
only. 
For 
expediency 
they are usually unmarked, 
packaged 
in ceramic, 
and tested only at room temperature 
and five volts. 
These RVUs are included 
in the mask charge and are not production 
parts. These 
RVUs are not backed 
nor guaranteed 
by Motorola 
Quality 
Assurance. 


8.4 
FLEXIBLE DISKS 


The disk media submitted 
must be single-sided, 
single density, 
8-inch, 
MOOS compatible 
floppies. 


The customer 
must clearly 
label the disk with 
the ROM pattern 
file name. The minimum 
MOOS 
system files as well as the absolute 
binary object file (filename. LO type of file) from the M6804 cross 
assembler 
must be on the disk. An object 
file made from 
a memory 
dump; 
using the ROLLOUT 
command 
is also 
admissable. 
Consider 
submitting 
a source 
listing 
as well 
as: filename, 
.LX 
(EXORciser 
loadable format). 
This file will of course be kept confidential 
and is used 1) to speed up 
the process in house if any problems 
arise, and 2) to speed up our customer 
to factory 
interface 
if a 
user finds any software 
errors and needs assistance 
quickly 
from the factory 
representative. 


MOOS is Motorola's 
Oisk Operating 
System available on development 
systems such as EXORciser, 
EXORset, 
etc. 


Select 
the options 
for the MCU 
from 
the following 
list. A manufacturing 
mask will be generated 
from 
this information. 
Select one in each section. 


Internal 
Oscillator 
Input 
o Crystal 
o Resistor-Capacitor 


Interrupt 
Trigger 
o Edge-Sensitive 
o Level- and Edge-Sensitive 


Output 
Drive (Select 
one Option 
per Port) 


LSTTL 
CMOS/LSTTL 


o 
0 
o 
0 


Port A 
Port B 


Open Drain 
oo 


Customer 
Name 
_ 


Addres_s 
_ 


City. 
State 
Zip 
_ 


Phone ( 
l 
Extension 
_ 


Contact 
Ms/Mr 
_ 


Customer 
Part Number 
_ 


o MCM2532 
EPROM 
o MCM2716 
EPROM 
o MDOS 
Disk File 
o (Note) 
_ 


Signature 
_ 


Title 
_ 


• 


• 


SECTION 9 
MECHANICAL 
DATA 


This 
section 
contains 
the 
pin assignment 
and 
package 
dimension 
diagrams 
for 
the 
MC6804J2 
microcomputer. 


Vss 
RESET 


IRG 
PA7 


Vcc 
18 
PA6 


EXTAL 
17 
PA5 


XTAL 
16 
PM 


MDS 
15 
P87 


TIMER 
14 
PB6 


PBO 
13 
PB5 


12 
PB4 


11 
PB3 


® MOTOROLA 


MC6804P2 


8-BIT MICROCOMPUTER 
• 


• 
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SECTION 
1 
INTRODUCTION 


1.1 GENERAL 


The 
MC6804P2 
microcomputer 
unit 
(MCU) 
is a member 
of the M6804 
Family of very 
low-cost 
single-chip 
microcomputers. 
This 8-bit 
microcomputer 
contains 
a CPU, on-chip 
CLOCK, 
ROM, 
RAM, 
I/O, 
and TIMER. 
It is designed 
for the user who 
needs an economical 
microcomputer 
with 
the proven 
capabilities 
of the M6800-based 
instruction 
set. 


HARDWARE 
FEATURES 


• 
5-Volt 
Single Supply 


• 
Pin Compatible 
with 
the MC6805P2 and MC68705P3 


• 
32 Bytes of RAM 


• 
Memory 
Mapped 
I/O 


• 
1024 Bytes of Program 
ROM 


• 
64 Bytes of Data ROM 


• 
20 Bidirectional 
I/O 
Lines (Eight 
Lines with 
High Current 
Sink Capability) 


• 
On-Chip 
Clock Generator 


• 
Self-Test 
Mode 


• 
Master 
Reset 
• 
Complete 
Development 
System 
Support 
on EXORciser 


• 
Software 
Programmable 
8-Bit Timer 
Control 
Register and Timer 
Prescaler (7 Bits, 2n) 


• 
Timer 
Pin is Programmable 
as Input or Output 


• 
On-Chip 
Circuit 
for ROM Verify 


SOFTWARE 
FEATURES 


• 
Similar to M6805 HMOS 
Family 


• 
Byte Efficient 
Instruction 
Set 


• 
Easy to Program 


• 
True Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 


• 


SOFTWARE 
FEATURES 
(Continued) 


• 
Separate 
Flags for Interrupt 
and Normal 
Processing 


• 
Versatile 
Indirect 
Registers 


• 
Conditional 
Branches 


• 
Single Instruction 
Memory 
Examine/ Change 


• 
True LIFO Stack 
Eliminates 
Stack 
Pointer 


• 
Nine Powerful 
Addressing 
Modes 


• 
Any 
Bit in Data Space Memory 
May be Tested 


• 
Any 
Bit in Data Space Memory 
Capable of Being Written 
to May be Set or Cleared 


USER SELECTABLE 
OPTIONS 


• 
20 Bidirectional 
I/O 
Lines with 
LSTTL, 
LSTTLICMOS, 
or Open-Drain 
Interface 


• 
Crystal or Low-Cost 
Resistor-Capacitor 
Oscillator 


• 
Mask Selectable 
Edge- or Level-Sensitive 
Interrupt 
Pin 


Accumulator 
8 
A 


Indirect 
Register 
PAO 
8 
INotel 
X 


PAl 
Indirect 


Port 
PA2 
Port 
Data 
Register 


A 
PA3 
A 
Dir. 
INotel 
y 
CPU 
I/O 
PA4 
Reg. 
Reg 
Lines 
PA5 
Stack 
PA6 
12 


PA7 
8 
Program 
Counter 


4 
High 
PCH 
1024 x 8 
Program 
User Program ROM 
Counter 


288x8 
8 
Low 
PCL 


Self-Test 
ROM 


PBO 
PB1 
PB2 
Port 


PB3 
B 


PB4 
I/O 


PB5 
Lines 


PB6 
PB7 


PCO 
Port • 


PCl 
C 


PC2 
I/O 
PC3 
Lines 
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SECTION 2 
FUNCTIONAL 
PIN DESCRIPTION, 
MEMORY, 
CPU, AND REGISTERS 


This section provides a description 
of the functional 
pins, memory spaces, the central processing 
unit (CPUl, and the various registers and flags. 


2.1.1 
VccandVss 


Power 
is supplied 
to the MCU 
using these two 
pins. VCC is power 
and VSS 
is the ground 
connection. 


This pin provides the capability for asynchronously 
applying an external interrupt to the MCU. Refer 
to 4.1 INTERRUPT 
for additional 
information. 


These pins provide 
connections 
to the on-chip 
clock oscillator 
circuit. 
A crystal, 
a resistor and 
capacitor, 
or an external signal, depending on the user selectable manufacturing 
mask option, 
can 
be connected 
to these pins to provide a system clock source with various stability/cost 
tradeoffs. 
Lead lengths and stray capacitance on these two pins should be minimized. Refer to 4.4 INTERNAL 
CLOCK GENERATOR 
OPTIONS 
for recommendations 
concerning 
these inputs. 


In the input mode, the timer pin is connected to the prescaler input and serves as the timer clock. In 
the output mode, the timer pin signals that a time out of the timer has occurred. 
Refer to SECTION 
3 TIMER 
for additional 
information. 


2.1.5 
RESET 


The RESET pin is used to restart the processor of the MC6804P2 to the beginning 
of a program. 
This pin, together with the MDS pin, is also used to select the operating mode of the MC6804P2. If 
the MDS pin is at zero volts, the normal mode is selected and the program counter is loaded with 
the user restart vector. However, if the MDS pin is at + 5 volts, then pins PA6 and PA7 are decoded 
to allow selection of the operating 
mode. Refer to 4.3 RESET for additional 
information. 


2.1.6 
MDS 


The MDS (mode select) pin is used to place the MCU into special operating 
modes. 
If MDS is held 
at + 5 volts at the exit of the reset state, the decoded state of PA6 and PA7 is latched to determine 
the operating 
mode (single-chip, 
self-test, 
or ROM verify). 
However, 
if MDS is held at zero volts 
at the exit of the reset state, the single-chip 
operating 
mode is automatically 
selected (regardless 
of 
PA6 and PA7 state). 


For those users familiar 
with 
the MC6801 microcomputer, 
mode selection 
is similar but much 
less 
complex 
in the MC6804P2. 
No special external diodes, switches, 
transistors, 
etc. are required in the 
MC6804P2. 


2.1.7 
Input/Output 
Lines (PAD-PA7, 
PBD-PB7, PCD-PC3) 


These 20 lines are arranged 
into two a-bit ports (A and B) and one 4-bit port (C). All lines are pro- 
grammable 
as either inputs or outputs 
under software 
control 
of the data direction 
registers. 
Refer 
to SECTION 
5 INPUT/OUTPUT 
PORTS for additional 
information. 
• 


The MCU operates in three different 
memory spaces: program 
space, data space, and stack space. 
A representation 
of these memory 
spaces is shown 
in Figure 2-1. The program 
space (Figure 2-1a) 
contains 
all of the instructions 
that 
are to be executed, 
as well as the data required 
for the im- 
mediate 
addressing 
mode instructions, 
and the self-test 
and user vectors. 
The data space (Figure 
2-1 bl contains 
all of the RAM 
locations, 
plus I/O 
locations 
and some 
ROM used for storage 
of 
tables 
and constants. 
The stack 
space (Figure 
2-1cl contains 
RAM 
which 
is used for stacking 
subroutine 
and interrupt 
return addresses. 


The MCU is capable of addressing 
4096 bytes of program 
space memory 
with 
its program 
counter 
and 256 bytes of data space memory 
with 
its instructions. 
The data space memory 
contains 
three 
bytes 
for 
port 
data 
registers, 
three 
bytes 
for 
port 
data direction 
registers, 
one 
byte 
for 
timer 
status/control, 
64 bytes 
ROM, 
32 bytes 
RAM 
(which 
includes 
two 
bytes for X and Y indirect 
registers), 
two bytes for timer prescaler and count 
registers, 
and one byte for the accumulator. 
The 


program 
space section 
including 
288 bytes of self-test 
ROM, 1016 bytes program 
ROM, and eight 
bytes of vectors 
for self-test 
and user programs. 


The CPU of the M6804 Family is implemented 
independently 
from the I/O or memory configuration. 
Consequently, 
it can be treated as an independent 
central 
processor 
communicating 
with 
I/O and 
memory 
via internal 
addresses, 
data, and control 
buses. 


• 


Reserved (All Ones) 


Self- Test ROM 


Program 
ROM 


Self-Test 
IRQ Vector 


Self-Test Restart Vector 


User IRQ Vector 


User Restart Vector 


Level 2 


Level 3 


SFF7 


SFF8-SFF9 


SFFA-SFFB 


SFFC-SFFD 


SFFE-SFFF 


Port A Data Register 


Port B Data Register 


1 I 1 I 1 I 1 I 
Port C Data Reg. 


Not Used 


Port A Data Direction Register 


Port B Data Direction 
Register 


1 1'1 
1 I ' I 
Port C DDR 


Not Used 


Timer 
Status 
Control 
Register 


Future Expansion 


User Data Space ROM 


Future Expansion 


Indirect Register X 


Indirect Register Y 


Data Space RAM 


Future Expansion 


Prescaler 
Register 


Timer Count Register 


Accumulator 


2.4 
REGISTERS 


The M6804 Family CPU has four 
registers 
and two 
flags available 
to the programmer. 
They are 
shown 
in Figure 2-2 and are explained 
in the following 
paragraphs. 
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Figure 2-2. Programming 
Model 


The accumulator 
is an 8-bit 
general 
purpose 
register 
used in all arithmetic 
calculations, 
logical 
operations, 
and data manipulations. 
The accumulator 
is implemented 
as the highest 
RAM location 
($FF) in data space and thus 
implies 
that 
several instructions 
exist which 
are not explicitly 
im- 


plemented 
Refer to 6.3 IMPLIED 
INSTRUCTIONS 
for additional 
information. 


2.4.2 
Indirect 
Registers (X, V) 


These two indirect 
registers are used to maintain 
pointers to other memory 
locations 
in data space. 


They are used in the register-indirect 
addressing 
mode, 
and can be accessed with 
the direct, 
in- 


direct, 
short direct, 
or bit set/clear 
addressing 
modes. 
These registers are implemented 
as two of 


the 32 RAM locations 
($80, $81) and as such generate implied instructions 
and may be manipulated 


in a manner similar to any RAM memory 
location 
in data space. Refer to 6.3 IMPLIED 
INSTRUC- 
TIONS 
for additional 
information. 


2.4.3 
Program 
Counter 
(PC) 


The program 
counter 
is a 12-bit register that contains 
the address of the next ROM word to be used 
(may be opcode, 
operand, 
or address of operand). 
The 12-bit program 
counter 
is contained 
in PCl 
(low byte) and PCH (high nibble). 


• 


2.4.4 
Flags (C, Z) 


The carry (C) bit is set on a carry or a borrow 
out of the ALU. 
It is cleared if the result of an 
arithmetic 
operation does not result in a carry or a borrow. The IC) bit is also set to the value of the 
bit tested in a bit test instruction, 
and participates 
in the rotate left instruction. 


The zero Il) 
bit is set if the result of the last arithmetic or logical operation was equal to zero, other- 
wise it is cleared. 


There are two sets of these flags, one set is for interrupt processing, the other for all other routines. 
When an interrupt 
occurs, a context 
switch 
is made from the program flags to the interrupt 
flags 
linterrupt 
mode) 
An RTI forces the context 
switch 
back to the program flags (program 
mode). 
While in either mode, only the flags for that mode are available. Further, the interrupt flags will not 
be cleared upon entering the interrupt mode. Instead, the flags will be as they were at the exit of the 
last interrupt 
mode. Both sets of flags are cleared by reset. 


2.4.5 
Stack 


There is a true LIFO stack incorporated 
in the MC6804P2 which 
eliminates the need for a stack 
pointer. 
Stack 
space is implemented 
in separate 
RAM 
112-bits wide) 
shown 
in Figure 2-1c. 
Whenever 
a subroutine 
call (or interrupt) 
occurs, the contents 
of the PC are shifted into the top 
register of the stack. At the same time (same cycle), the top register is shifted to the next level 
deeper. This happens to all registers with the bottom 
register falling out the bottom 
of the stack. 


Whenever 
a subroutine 
or interrupt 
return occurs, 
the top register is shifted 
into the PC and all 
lower registers are shifted up one level higher. The stack RAM is four levels deep. If the stack is 
pulled more than four times without 
any pushes, the address that was stored in the bottom level will 
be shifted into the PC. 


SECTION 3 
TIMER 


A block diagram of the MC6804P2 timer circuitry 
is shown 
in Figure 3-1. The timer logic in the MCU 
is comprised 
of a simple 8-bit counter 
(timer count 
register, 
TCR) with a 7-bit prescaler, 
and a timer 
status/ control 
register (TSCRl. 
The timer count 
register, 
which 
may be loaded under program 
con- 


trol, 
is decremented 
towards 
zero by a clock input 
(prescaler 
outputl. 
The prescaler is used to ex- 


tend the maximum 
interval 
of the overall timer. 
The prescaler tap is selected 
by bits 0-2 (PSO-PS2) 
of the timer status/control 
register. 
Bits PSO-PS2 control 
the actual division 
of the prescaler within 
the range of divide-by-1 
(20) to divide-by-128 
(27). The timer count 
register (TCR) and prescaler are 
decremented 
on rising clock edges. The coding of the TCSR PSO-PS2 bits produce 
a division 
in the 
prescaler as shown 
in Table 3-1. 


PS2 
PSl 
PSO 
Divide By 


0 
0 
0 
, 


0 
0 
1 
2 
0 
1 
0 
4 


0 
1 
, 
8 


PS2 
PSl 
PSO 
Divide By 


1 
0 
0 
16 


1 
0 
1 
32 
, 
, 
0 
64 
, 
, 
, 
128 


The TIMER 
pin may be programmed 
as either an input 
or an output 
depending 
on the status 
of 
TOUT (TSCR bit 5). Refer to Figure 3-1. In the input mode, TOUT is a logic zero and the TIMER pin 
is connected 
directly 
to the prescaler 
input. 
Therefore, 
the timer prescaler is clocked 
by the signal 
applied from the TIMER pin. The prescaler then divides its clock input by a value determined 
by the 


coding 
of the TSCR bits PSO-PS2 as shown 
in Table 3-1. The divided 
prescaler output 
then clocks 
the 8-bit timer count 
register 
(TCRl. 
When 
the TCR is decremented 
to zero, it sets the TMZ bit in 
the timer status/control 
register (TSCR). 
The TMZ bit can be tested under program 
control 
to per- 
form 
a timer 
function 
whenever 
it goes high. 
The frequency 
of the external 
clock 
applied 
to the 
TIMER pin must be less than tbyte 
(fosc/48). 


In the output 
mode, 
TOUT 
is a logic one and the TIMER 
pin is connected 
to the DOUT 
latch. 


Therefore, 
the timer 
prescaler 
is clocked 
by the internal 
sync pulse (divide-by-48 
of the internal 
oscillatorl. 
Operation 
is similar to that described 
above for the input mode. 
However, 
in the output 
mode, the low-to-high 
TMZ bit transition 
is used to latch the DOUT bit of the TSCR and provide 
it 
as output 
for the TIMER pin. 


NOTE 


TMZ 
is normally 
set to logic 
one when 
the timer 
times out 
(TCR decrements 
to $00); 


however, 
it may be set by a write 
of $00 to the TCR or by a write 
to bit 7 of the TSCR. 


II 


Prescaler 
TIMER 
TOUT 
Clock 
Pin 


0 
TIMER 
Pin 
Input 
Mode 
I 
Sync 
Output 
Mode 


• 


During 
reset, the timer count 
register and prescaler are set to SFF, while 
the timer status/control 
register is cleared to SOOand the DOUT LATCH 
(TIMER pin is in the high-impedance 
input mode) is 
forced 
to a logic high. The prescaler and timer count 
register are implemented 
in data space RAM 


locations 
(SFD, 
SFEl; 
therefore, 
.they 
are both 
readable 
and 
writeable. 
A write 
to 
either 
will 
predominate 
over the TCR decrement-to-SOO 
function; 
i.e., if a write and a TCR decrement-to-SOO 
occur simultaneously, 
the write will take precedence, 
and the TMZ bit is not set until the next timer 


time out. 


7 


IMSB 


b4, DOUT 


b3, PSI 


bO, b1, b2 
PSO-PS1 


7 
6 
5 
4 
3 
2 


I 
TMZ 
I Not usedl 
TOUT 
I 
DOUT 
I 
PSI 
I 
PS2 


TSCR 
Address = $(J9 


Low-to-high 
transition 
indicates 
the timer count 
register has decremented 
to zero 
since the timer status/control 
register was last read. Cleared by a read of TSCR 


register 
if TMZ was read as a logic one. 


When 
low, this bit selects the input 
mode for the timer. 
When 
high, 
the output 
mode is selected. 


Used to initialize the prescaler and inhibit its counting 
while PS 1= O. The initialized 


value is set to SFF. The timer count 
register 
will also be inhibited 
(contents 
un- 


changed). 
When 
PSI = 1 the prescaler 
begins to count 
downward. 


These 
bits are used to select the prescaler 
divide-by 
ratio; 
therefore, 
effecting 
the clock input frequency 
to the timer count 
register. 


• 


I 


6 


IMSB 


The timer 
prescaler 
register 
indicates 
the state of the internal 
7-bit prescaler. 
This 7-bit prescaler 
divide 
ratio is normally 
determined 
by bits PSO-PS2 of the timer status/control 
register 
(see Table 
3-1), 


SECTION 4 
INTERRUPT, 
SELF-TEST, 
RESET, AND 
INTERNAL 
CLOCK GENERATOR 


4.1 
INTERRUPT 


The MC6804P2 can be interrupted 
by applying 
a logic low signal to the IRQ pin; however, 
a mask 
option 
selected 
at the time 
of manufacture 
determines 
whether 
the negative-going 
edge or the 


actual low level is sensed to indicate 
an interrupt. 


4.1.1 
Edge-Sensitive 
Option 


When 
the IRQ pin is pulled low, the internal 
interrupt 
request latch is set. Prior to each instruction 
fetch, 
the interrupt 
request latch is tested and, if its output 
is low, an interrupt 
sequence 
is initiated 
at the end of the current 
instruction 
(provided 
the interrupt 
mask is cleared). 
Figure 4- 1 contains 
a 
flowchart 
which 
illustrates 
both the reset and interrupt 
sequence. 
The interrupt 
sequence 
consists 
of one cycle 
during 
which: 
the 
interrupt 
request 
latch 
is cleared, 
the interrupt 
mode 
flags 
are 
selected, 
the PC is saved on the stack, 
the interrupt 
mask is set, and the IRQ vector 
(single chip 
mode= 
$FFC/$FFD, 
self-test 
mode= 
$FF8/$FF9) 
is loaded into the PC. Internal 
processing 
of the 
interrupt 
continues 
until an RTI (return 
from interrupt) 
instruction 
is processed. 
During the RTI in- 


struction, 
the interrupt 
mask is cleared and the program 
mode flags are selected. The next instruc- 


tion of the program 
is then fetched 
and executed. 
Once the interrupt 
was initially 
detected 
and the 
interrupt 
sequence started, 
the interrupt 
request latch is cleared so that the next (second) 
interrupt 


may be detected 
even while 
the previous 
(first) 
one is being serviced. 
However, 
even though 
the 


second interrupt 
sets the interrupt 
request latch during processing 
of the first interrupt, 
the second 


interrupt 
sequence will not be initiated 
until completion 
of the interrupt 
service routine 
for the first 


interrupt. 
Completion 
of an interrupt 
service routine 
is always accomplished 
using an RTI instruc- 


tion to return to the main program. 
The interrupt 
mask (which 
is not directly 
available to the pro- 


grammer) 
is cleared during 
the last cycle of the RTI instruction. 


4.1.2 
Level-Sensitive 
Option 


The actual 
operation 
of the level-sensitive 
and edge-sensitive 
options 
are similar except 
that the 


level-sensitive 
option 
does not have an interrupt 
request latch. With 
no interrupt 
request latch, the 


logic level of the IRQ pin is checked 
for detection 
of the interrupt. 
Also, 
in the interrupt 
sequence, 
there is no need to clear the interrupt 
request latch. These differences 
are illustrated 
in the flowchart 
of Figure 4-1. 


4.1.3 
Power 
Up and Timing 


During the power-up 
sequence the interrupt 
mask is set to preclude any false or "ghost" 
interrupts 


from occurring. 
To clear the interrupt 
mask, the programmer 
should write a JSR (instead of a JMPI 
instruction 
to an initialization 
routine 
as the first instruction 
in a program. 
The initialization 
routine 
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SOO-TSCR 


SFF - 
Prescaler 


Select 
Program 
Mode 
Flags 


Put SFFE 
on 


Address 
Bus 


y 


RESET 
Pin 
Low 


Check 
Interrupt 
Request 
Latch 
Output 


Load Program 
Counter from 
Reset Vector 


Location 
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should end with an RTI (instead of RTS). Maximum 
interrupt 
response time is six machine 
(tbyte) 
cycles (see 4.4 INTERNAL 
CLOCK GENERATOR 
OPTIONSI. 
This includes five machine 
cycles for 
the longest 
instruction, 
plus one machine 
cycle for stacking 
the PC and switching 
flags. Minimum 
response time is one machine 
cycle for stacking 
PC and switching 
flags (see 2.4.4 Flags (C, Z)). 


4.2 
SELF-TEST 


The MC6804P2 
MCU has a unique 
internal 
ROM-based 
off-line 
self-test 
capability 
using signature 
analysis techniques. 
A test program 
stored in the on-chip 
ROM is initiated 
by configuring 
pins PA6 
and PA7 during 
reset. The test results are sampled 
on a cycle-by-cycle 
basis by a 16-bit on-chip 
signature 
analysis register configured 
as a linear feedback 
shift register (LFSR) using the standard 
CCITT CRC16 polynomial. 
A schematic 
diagram 
of the self-test 
connections 
is shown 
in Figure 
4-2. To perform 
a test of the MCU, connect 
it as shown 
in Figure 4-2a and monitor 
the LEDs for a 
00100 ($04) pattern. 


A special ROM self-test 
utilizing 
the signature 
analysis circuitry 
is also included. 
To initiate a test of 
the ROM, connect 
the circuit 
as shown 
in Figure 4-2b. This mode also uses the on-chip 
signature 
analysis 
register 
to verify 
the contents 
of the custom 
ROM by monitoring 
an internal 
bus. The 
"Good" 
LED indicates 
that 
all ROM words 
have been read and that 
the result was the correct 
signature. 


The on-chip 
self-test 
and the 
ROM test are the 
basis of Motorola's 
production 
testing 
for the 
MC6804P2. 
These tests 
have been fault 
graded 
using statistical 
methods 
(refer to "The 
M6804 
Built-In 
Self-Test", 
Proceedings 
of 1983 International 
Test Conference, 
pp. 295-300, Oct. 1983) and 
have been found to provide high fault coverage using automatic 
test equipment 
(ATE) or the circuit 
of Figure 4-2. 


The MCU can be reset in two ways: by initial power up (see Figure 4-1) and by the external reset in- 
put (RESET). 
During 
power 
up, a delay of tRHL is needed before allowing 
the RESET input to go 
high. 
This time delay allows 
the internal 
clock generator 
to stabilize. 
Connecting 
a capacitor 
and 
resistor to the RESET input, 
as shown 
in Figure 4-3, typically 
provides 
sufficient 
delay. 


The internal 
clock 
generator 
circuit 
is designed 
to require a minimum 
of external 
components. 
A 
crystal, 
a resistor-capacitor, 
or an external 
signal 
may be used to generate 
a system 
clock 
with 
various stability/cost 
tradeoffs. 
A manufacturing 
mask option 
is required to select either the crystal 
oscillator 
or the RC oscillator 
circuit. 
The different 
clock generator 
option 
connection 
methods 
are 
shown 
in Figure 4-4, crystal specifications 
and suggested 
PC board layouts are given in Figure 4-5, 


resistor-capacitor 
selection 
graph is given in Figure 4-6, and a timing 
diagram is illustrated 
in Figure 
4-7. The crystal oscillator 
startup 
time is a function 
of many variables: crystal parameters 
(especially 
RSI, oscillator 
load capacitance 
(CLl, 
IC parameters, 
ambient 
temperature, 
and supply voltage. 
To 
ensure rapid oscillator 
startup, 
neither 
the crystal 
characteristics 
nor the load capacitance 
should 
exceed recommendations. 


The oscillator 
output 
frequency 
is internally 
divided 
by four 
to produce 
the internal 
</>1and </>2 
clocks. 
The </>1clock is divided 
by twelve 
to produce 
a machine 
byte (cycle) clock. 
A byte cycle is 
the smallest 
unit needed to execute 
any operation 
(j.e., 
increment 
the program 
counter). 
An in- 
struction 
may need two, 
four, 
or five byte cycles to execute. 
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Figure 4-6. Typical 
Frequency 
Selection 
For Resistor-Capacitor 
Oscillator 
Option 
(CL = 17 pF) 
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SECTION 
5 
INPUT/OUTPUT 
PORTS 


There are 20 input/ output 
pins. All pins Iport A, B, and CI are programmable 
as either inputs or out- 


puts under software 
control 
of the corresponding 
data direction 
register !DDRI. 
The port I/O pro- 


gramming 
is accomplished 
by writing 
the corresponding 
bit in the port DDR to a logic one for out- 


put or a logic zero for input. 
On reset, all the DDRs are initialized 
to a logic zero state to put the 
ports in the input mode. The port output 
registers are not initialized 
on reset but should be initialized 
before changing 
the DDR bits to avoid undefined 
levels. When programmed 
as outputs, 
the latched 
output 
data is readable as input data, regardless of the logic levels at the output 
pin due to output 


loading; 
see Figure 5-1. All input/ output 
pins are LSTTL compatible 
as both inputs and outputs. 
In 


addition, 
all three ports 
may have one of two 
mask options: 
1) internal 
pullup 
resistor 
for CMOS 
output 
compatibility, 
or 2) open drain output. 
The address map in Figure 2-1 gives the address of 
data 
registers 
and DDRs. 
The register 
configuration 
is discussed 
under 
the registers 
paragraph 


below 
and Figure 5-2 provides 
some examples 
of port connections. 


Data 
Direction 
Register 


Bit 


Latched 
Output 


Data 


Bit 


Data 
Direction 
Output 
Input 


Register 
Data 
Output 
To 


Bit 
Bit 
State 
MCU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
Hi-Z 
Pin 


19 
PB7 


18 
PB6 


17 
PB5 
SN74LS04 
16 
PB4 
or 
MC14069 
15 
PB3 
ITypicall 
14 
PB2 


13 
PB1 


12 
PBO 


+ V 
PA7 
27 
ICMOS 
Loadsl 


PA6 
26 
PB7 
19 


PA5 
25 
PB6 
18 


PM 
24 
11 LSTTL 
Load) 
PB5 
17 
-+-- 
PB4 
16 
PA3 
23 


PA2 
22 
PB3 
15 


PAl 
21 
P82 
14 - 


'>4."'- 
'>4.'>4. 


PAO 
20 
PB1 
13 


PBO 
12 
+- 


Port A, bit 7 programmed as output, drtving 
CMOS 
loads 
and 
bit 4 driving 
one 
LSTTL 
Port B, bit 0, and bit 1 programmed 
as output, 


load directly 
lusing 
CMOS 
output 
option). 
driving 
LEOs directly. 


• 


SN74LS04 
1Typicall 


CMOS 
and LSTTL 
Driving 
Port C Directly 


CMOS 


Inverter 
MC14049/MC14069 
lTypicall 


Port C open drain option, with bits 0-3 pro- 
grammed 
as output, 
driving CMOS 
load via 


wired-ORed 
configuration 
. 


• 


The latched output 
data bit (see Figure 5-1) may always be written. 
Therefore, 
any write to a port 
writes to all of its data bits even though the port DDR is set to input. This may be used to initialize 
the data registers and avoid undefined outputs; 
however, care must be exercised when using read- 


modify-write 
instructions 
since the data read corresponds to the pin level if the DDR is an input (0) 
and corresponds 
to the latched output 
data when the DDR is an output 
(1). The 20 bidirectional 


lines may be configured 
by port to be LSTTL (standard configuration), 
LSTTLICMOS 
(mask op- 


tion), 
or open drain (mask option). 
Port B outputs 
are LED compatible. 


NOTE 


The mask option only allows changes by port. For example, if the customer wishes PA7 
to be open drain, then PAO-PA7 must all be open drain. 


7 


IMSB 


Port A Address ~ $00 
Port B Address ~ $01 
Port C Address ~ $02 I Bits 0-31 


The source of data read from the port data register will be the port I/O pin or previously latched out- 
put data depending 
upon the contents 
of the corresponding 
data direction 
register IDDR I. The 
destination of data written to the port data register will be an output data latch. If the corresponding 
data direction register (DDR) for the port I/O pin is programmed as an output, 
the data will then ap- 
pear on the port pin. 


7 


IMSB 


Port A Address = $04 
Port B Address = $05 


Port C Address = $06 I Bits 0-31 


The port 
DDRs configure 
the port pins as either inputs 
or outputs. 
Each port pin can be pro- 


grammed individually 
to act as an input or an output. 
A zero in the pins corresponding 
bit position 
will program that pin as an input while a one in the pins corresponding 
bit position will program that 
pin as an output. 


SECTION 6 
SOFTWARE 
AND INSTRUCTION 
SET 


6.1.1 
Bit Manipulation 


The MC6804P2 
MCU 
has the ability 
to set or clear any register 
or single random 
access memory 
(RAM) 
writable 
bit with a single instruction 
(BSET. 
BCLR). Any bit in data space, including 
ROM, 
can' be tested, 
using the BRSET and BRCLR instructions, 
and the program 
may branch as a result 
of its state. The carry bit is set to the value of the bit referenced 
by BRSET or BRCLR. A rotate in- 
struction 
may then 
be used to accumulate 
serial input 
data in a RAM 
location 
or register. The 
capability 
to work with any bit in RAM, 
ROM, or I/O allows the user to have individual 
flags in RAM 
or to handle I/O bits as control 
lines. 


The coding 
example in Figure 6-1 illustrates 
the usefulness 
of the bit manipulation 
and test instruc- 
tions. 
Assume 
that the MCU is to communicate 
with an external serial device. The external device 
has a data ready signal, a data output 
line, and a clock line (to clock data one bit at a time, 
MSB 
first, out of the device). 
The MCU waits until the data is ready, clocks the external device, picks up 
the data in the carry flag (C bit), 
clears the clock 
line, and finally 
accumulates 
the data bit in the 
accumulator. 


MCU 


Ready 
f--- 
2 p 
Senal 
0 
Device 
Clock 
, 
R 


T 
Data 
OA- 


SELF 
BRSET 
2,POETA,SELF 


BSET 
I ,PORTA 
BRCLR 
O,PORTA,CONT 
CONT 
BCLR 
I ,PORTA 
ROLA 


• 


• 


6.1.2 
Addressing 
Modes 


The 
MC6804P2 
MCU 
has nine addressing 
modes 
which 
are explained 
briefly 
in the 
following 
paragraphs. 
The MC6804P2 deals with 
objects 
in three different 
address spaces: 
program 
space, 
data space, and stack space. 
Program 
space contains 
the instructions 
which 
are to be executed, 
plus the data for immediate 
mode instructions. 
Data space contains 
all of the RAM 
locations, 
X 
and Y registers, 
accumulator, 
timer, 
I/O locations, 
and some ROM (for storage of tables and con- 
stants). 
Stack space contains 
RAM 
for use in stacking 
the return 
addresses 
for subroutines 
and 
interrupts. 


The term "Effective 
Address" 
(EA) is used in describing 
the address modes. EA is defined as the ad- 
dress from which 
the argument 
for an instruction 
is fetched 
or stored. 


6.1.2.1 
IMMEDIATE. 
In the immediate 
addressing 
mode, 
the operand 
is located 
in program 
ROM 
and is contained 
in a byte following 
the opcode. 
The immediate 
addressing 
mode is used to access 
constants 
which 
do not change during 
program 
execution 
(e.g., 
a constant 
used to initialize a loop 
counter) . 


6.1.2.2 
DIRECT. 
In the direct addressing 
mode, the effective 
address of the argument 
is contained 
in a single byte following 
the opcode 
byte. Direct addressing 
allows the user to directly 
address the 
256 bytes in data space memory 
with 
a single two-byte 
instruction. 


6.1.2.3 
SHORT 
DIRECT. The MCU also has four locations 
in data space RAM ($80, $81, $82, $83) 
which 
may be used in a short-direct 
addressing 
mode. In this mode the lower two bits of the opcode 
determines 
the data space RAM location, 
and the instruction 
is only one byte. Short direct address- 
ing is a subset of the direct addressing 
mode. 
(The X and Y registers are at locations 
$80 and $81 
respectively. ) 


6.1.2.4 
EXTENDED. 
In the extended 
addressing 
mode, 
the effective 
address is obtained 
by con- 
catenating 
the four least significant 
bits of the opcode 
with 
the byte following 
the opcode 
(12-bit 
address). 
Instructions 
using the extended 
addressing 
mode (JMP, 
JSR) are capable of branching 
anywhere 
in program 
space. An extended 
addressing 
mode instruction 
is two 
bytes long. 


6.1.2.5 
RELATIVE. 
The relative addressing 
mode is only used in conditional 
branch instructions. 
In 
relative addressing, 
the address is formed 
by adding the sign extended 
lower five bits of the opcode 
(the offset) 
to the program 
counter 
if and only if the condition 
is true. Otherwise, 
control 
proceeds 
to the next instruction. 
The span of. relative addressing 
is from 
-15 
to + 16 from the opcode 
ad- 
dress. 
The 
programmer 
need 
not 
worry 
about 
calculating 
the 
correct 
offset 
when 
using 
the 
Motorola 
assembler since it calculates 
the proper offset and checks to see if it is within 
the span of 
the branch. 


6.1.2.6 
BIT SET/CLEAR. 
In the bit set/ clear addressing 
mode, the bit to be set or cleared is part of 
the opcode, 
and the byte following 
the opcode 
specifies the direct address of the byte in which 
the 
specified 
bit is to be set or cleared. Thus, any bit in the 256 locations 
of data space memory, 
which 
can be written 
to, can be set or cleared. 


6.1.2.7 
BIT TEST AND 
BRANCH. 
The bit test and branch 
addressing 
mode is a combination 
of 
direct addressing 
and relative addressing. 
The bit which 
is to be tested 
is included 
in the opcode, 
and the data space address of the byte to be tested is in the single byte immediately 
following 
the 
opcode 
byte. The third byte is sign extended 
to twelve 
bits and becomes 
the offset 
added to the 
program 
counter 
if the condition 
is true. 
The single three-byte 
instruction 
allows 
the program 
to 
branch 
based on the condition 
of any bit in data space memory. 
The span of branching 
is from 
-125 
to + 130 from the opcode 
address. The state of the tested bit is also transferred 
to the carry 


flag. 


6.1.2.8 
REGISTER-INDIRECT. 
In the register-indirect 
addressing 
mode, 
the operand 
is at the ad- 
dress (in data space) pointed 
to by the contents 
of one of the indirect 
registers (X or YI. The par- 
ticular X or Y register is selected by bit 4 of the opcode. 
Bit 4 of the opcode 
is then decoded 
into an 


address which 
selects the desired X or Y register ($80 or $81). A register-indirect 
instruction 
is one 
byte,long. 
• 


6.1.2.9 
INHERENT. 
In the inherent 
addressing 
mode, all the information 
necessary to execute 
the 


instruction 
is contained 
in the opcode. 
These instructions 
are one byte long. 


The MC6804P2 MCU has a set of 42 basic instructions, 
which when combined 
with nine addressing 
modes produce 242 usable opcodes. 
They can be divided into five different 
types: register/ memory, 


read-modify-write, 
branch, 
bit manipulation, 
and control. 
The following 
paragraphs 
briefly explain 


each type. 
All the instructions 
within 
a given type are presented 
in individual 
tables. 


6.2.1 
Register/ Memory 
Instructions 


Most 
of these 
instructions 
use two 
operands. 
One operand 
is the accumulator 
and the 
other 
operand 
is obtained 
from 
memory 
using one of the addressing 
modes. 
The jump 
unconditional 


(JMP) 
and jump 
to subroutine 
USR) 
instructions 
have no register operands. 
Refer to Table 6-1. 


6.2.2 
Read-Modify-Write 
Instructions 


These instructions 
read a memory 
location 
or a register, 
modify 
or test its contents, 
and write 
the 
modified 
value back to memory 
or to the register. 
There are ten instructions 
which 
utilize 
read- 
modify-write 
cycles. 
All INC and DEC forms 
along with 
all bit manipulation 
instructions 
use this 


method. 
Refer to Table 6-2. 


6.2.3 
Branch 
Instructions 


The branch instructions 
cause a branch from the program 
when a certain condition 
is met. Refer to 


Table 6-3. 


6.2.4 
Bit Manipulation 
Instructions 


These instructions 
are used on any bit in data space memory. 
One group either sets or clears. The 


other group 
performs 
the bit test branch 
operations. 
Refer to Table 6-4. 


• 


Addressing Modes 


Indirect 
Immediate 
Direct 
Inherent 
Extended 
Short-Direct 


Opcode 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
Special 
Function 
Mnem 
X 
Y 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles Opcode 
Bytes 
Cycles Opcode 
Bytes 
Cycles 
Notes 


Load A from 
Memory 
LOA 
EO 
FO 
1 
4 
E8 
2 
4 
F8 
2 
4 
- 
- 
- 
- 
- 
- 
AC-AF 
1 
4 
1 


load 
XP from 
Memory 
LDXI 
-- 
- 
- 
- 
80 
J 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
4 


Load YP from 
Memory 
LDYI 
- 
- 
- 
- 
BO 
J 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
4 


Store 
A in Memory 
STA 
El 
Fl 
1 
4 
- 
- 
- 
F9 
2 
4 
- 
- 
- 
- 
- 
- 
BC-BF 
1 
4 
2 


Add to A 
ADD 
E2 
F2 
1 
4 
EA 
2 
4 
FA 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Subtract 
from 
A 
SUB 
EJ 
FJ 
1 
4 
EB 
2 
4 
FB 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Arithmetic Compare 
CMP 
E4 
F4 
1 
4 
EC 
2 
4 
FC 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


with 
Memory 


AND 
Memory 
to A 
AND 
E5 
F5 
1 
4 
ED 
2 
4 
FD 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Jump 
to Subroutine 
JSR 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
81TARI 
2 
4 
- 
- 
- 
J 


Jump 
Unconditional 
JMP 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
91TARI 
2 
4 
- 
- 
- 
J 


Clear A 
CLRA 
- 
- 
- 
- 
- 
- 
- 
F8 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Clear 
XP 
CLRX 
- 
- 
- 
- 
- 
- 
- 
FB 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Clear 
yp 
CLRY 
- 
- 
- 
- 
- 
- 
- 
FB 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 


Complement A 
COMA 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
B4 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Move 
Immediate 
Value 
MV, 
- 
- 
- 
- 
BO 
J 
4 
BO 
J 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
5 
to Memory 


Rotate 
A Left and 
Carry 
ROLA 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
B5 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Arithmetic 
Left 
Shift 
of A 
ASLA 
- 
- 
- 
- 
- 
- 
- 
FA 
2 
4 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


SPECIAL 
NOTES 


1. In Short-Direct 
addressing, 
the LOA mnemonic 
represents 
opcode 
AC, AD, 
AE, and AF. ThiS IS eqUivalent 
to RAM 
locations 
S80 IACI, 
S81 IADI, 
S821AEI, 
and S831AFJ 


·2. In Short-Direct 
addressing, 
the STA mnemonic 
represents 
opcode 
BC, BD, BE, and BF 
This is equivalent 
to RAM 
locations 
S80 IBC!, 
S81 IBDI, 
S82 IBEI, 
and S831BFI 


3. 
In Extended 
addressing, 
the four LSBs of the opcode 
IMnemonic 
JSR and JMPI 
are formed 
by the four MSBs of the target address 


4. 
In Immediate 
addressing. the LOXI and LDYI are mnemonics which are recognized as follows: 


LDXI = MVI 
S80,data 


LDYI = MVI 
S81,data 
Where 
data is a one-byte 
hexadecimal 
number. 


5. 
In both Immediate 
and Direct addressing, the MVl instruction has the same opcode (80) 


Addressing Modes 


Indirect 
Direct 
Short-Direct 


upcode 
# 
# 
# 
# 
# 
# 
Special 
Function 
Mnem 
.X 
Y 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Notes 


Increment Memory 
Location 
INC 
E6 
F6 
1 
4 
FE 
2 
4 
AB-AB 
1 
4 
1,3 


Increment A 
INCA 
- 
- 
- 
- 
FE 
2 
4 
- 
- 
- 
- 


Increment X 
INCX 
- 
- 
- 
- 
- 
- 
- 
AB 
1 
4 
- 


Increment Y 
INCY 
- 
- 
- 
- 
- 
- 
- 
A9 
1 
4 
- 


Decrement Memory Location 
DEC 
E7 
F7 
1 
4 
FF 
2 
4 
BB-BB 
1 
4 
2,4 


Decrement A 
DECA 
- 
- 
- 
- 
FF 
2 
4 
- 
- 
- 
- 


Decrement 
X 
DECX 
- 
- 
- 
- 
- 
- 
- 
BB 
1 
4 
- 


Decrement Y 
DECY 
- 
- 
- 
- 
- 
- 
- 
B9 
1 
4 
- 


SPECIAL 
NOTES 


1. In Short-Direct 
addressing, 
the INC mnemonic 
represents 
opcode 
AB, A9, AA, and AB. These are equivalent 
to RAM locations 
SOOIA81, S81 IA91, SB21AAI, 


and S83 IABI. 


2. In Short-Direct 
addressing, 
the DEC mnemonic 
represents 
opcode 
BB, B9, BA, and BB. These are equivalent 
to RAM locations 
SOOIBBl, 
SB1 IB91, SB2 IBAI, 


and S83 IBBI. 


3. 
In Indirect addressing, the INC mnemonic represents opcode E6 or F6, and causes the location pointed to by X fE6 opcode) or Y (F6 opcode) to be incremented. 


4. 
In Indirect addressing, the INC mnemonic represents opcode E7 or F7, and causes the location pointed to by X IE7 opcodel or Y IF7 opcodel 
to be incremented . 


• 


• 


Relative 
Addressing 
Mode 


# 
# 
Special 


Function 
Mnem 
Opcode 
Bytes 
Cycles 
Notes 


Branch 
jf Carry Clear 
BCC 
40-5F 
1 
2 
1 


Branch 
if Higher 
or Same 
IBHSI 
40-5F 
1 
2 
1,2 


Branch 
if Carry Set 
BCS 
6O-7F 
1 
2 
1 


Branch 
if Lower 
IBLOI 
6O-7F 
1 
2 
1.3 


Branch 
if Not Equal 
BNE 
00-' 
F 
1 
2 
1 


Branch 
If Equal 
BEG 
20-3F 
1 
2 
1 


1. Each mnemonic 
of the Branch 
Instructions 
covers 
a range of 32 opcodes; 
e.g., Bee ranges 
from 40 through 
5F 
The 
actual 
memory 
location 
(target 
address) 
to which 
the branch 
is made 
1$ formed 
by adding 
the Sign extended 
lower 
flve 


bIts of the opcode to the contents 
of the program counter 
2. The BHS instruction 
(shown 
in parentheses) 
is Identlcal 
to the Bee InstrucUon, 
The C bit ISclear If the register was hIgher 


or the same as the locatton 
In the memory 
to which 
it was compared. 


3. The BLO instruction 
(shown 
In parentheses) 
IS identical 
to the BCS instruction 
The C bit IS set If the register 
was lower 


than the location 
in memory 
to which 
it was compared. 


Addressing 
Modes 


Bit Set/Clear 
Bit Test and Branch 


# 
# 
# 
# 
Special 


Function 
Mnem 
Opcode 
Bytes 
Cycles 
Opcode 
Bytes 
Cycles 
Note 


Branch 
IFF Bit n is set 
BRSET 
n In=O 
71 
- 
- 
- 
CB+n 
3 
5 
1 


Branch 
IFF Bit n is clear 
BRCLR 
n In= 0 
71 
- 
- 
- 
CO+n 
3 
5 
1 


Set BIt n 
BSETnln~O 
. .71 
D8+ n 
2 
4 
- 
- 
- 
1 


Clear Bit n 
BCLR n In~O 
71 
DO+n 
2 
4 
- 
- 
- 
1 


SPECIAL 
NOTE 


1. The opcode 
IS formed 
by adding 
the bit number 
(0-71 to the basic opcode. 
For example: 
to clear bit six using the BSET6 
Instruction 
the opcode 
becomes 
DE 108+ 6); BCLR5 
becomes 
lCO+ 5); etc 


6.2.5 
Control Instructions 


The control 
instructions 
control 
the MCU operations 
during 
program 
execution. 
Refer to Table 6-5. 


6.2.6 
Alphabetical 
Listing 


The 
complete 
instruction 
set 
is given 
in alphabetical 
order 
in Table 
6-6. 
There 
are 
certain 
mnemonics 
recognized 
by the Motorola 
assembler 
and converted 
to other 
instructions. 
The fact 


that all registers and accumulator 
are in RAM allows many implied instructions 
to exist. The implied 


instructions 
recognized 
by the Motorola 
assembler 
are identified 
in Table 6-6. 


6.2.7 
Opcode 
Map Summary 


Table 6-7 contains 
an opcode 
map for the instructions 
used on the MCU. 


Since the accumulator 
and all other 
registers are located 
in RAM many implied 
instructions 
exist. 


The assembler-recognized 
implied 
instructions 
are given in Table 6-6. Some examples 
not recog- 


nized by the assembler 
are shown 
below. 


BCLR,7 $FF 
BSET,7 $FF 
BRCLR,7 
$FF 


BRSET,7 
$FF 
BRCLR,7 
$80 
BRSET,7 
$80 
BRCLR,7 
$81 
BRSET,7 
$81 


Ensures accumulator 
is plus 
Ensures accumulator 
is minus 
Branch 
iff accumulator 
is plus 


Branch 
iff accumulator 
is minus 
Branch 
iff X is plus (BXPU 


Branch 
iff X is minus IBXMI) 
Branch 
iff Y is plus (BYPU 
Branch 
iff Y is minus (BYMIl 


• 


II 


Addressing Modes 


Short-Direct 
Inherent 
Relative 
# 
# 
# 
# 
# 
# 
Special 


Function 
Mnem 
Opcede 
Bytes 
Cycles 
Opcede 
Bytes 
Cycles 
Opcede 
Bytes 
Cycles 
Notes 


Transfer A to X 
TAX 
BC 
, 
4 
- 
- 
- 
- 
- 
- 
- 


Transfer A to Y 
TAY 
BD 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Transfer X to A 
TXA 
AC 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Transfer Y to A 
TYA 
AD 
1 
4 
- 
- 
- 
- 
- 
- 
- 


Return from Subroutine 
RTS 
- 
- 
- 
B3 
1 
2 
- 
- 
- 
- 


Return from Interrupt 
RT! 
- 
- 
- 
B2 
1 
2 
- 
- 
- 
- 


No-Operation 
NOP 
- 
- 
- 
- 
- 
- 
- 
- 
- 
1 


Addressing 
Modes 
Flags 


Short 
Bit 
Set 
Bit- Test- 
Register 


Mnemonic 
Inherent 
Immediate 
Direct 
Direct 
Clear 
Branch 
Indirect 
Extended 
Relallve 
2 
C 


ADD 
X 
X 
I 
X 
A 
A 


AND 
X 
X 
X 
A 


ASLA 
Assembler 
converts 
this to "ADD 
SFF" 
· 
· 
BCC 
X 


BCLA 
X 
· 
BCS 
X 
· 
· 
BEO 
X 
· 
BHS 
Assembler 
converts 
this to "BCe 
· 
BLO 
Assembler 
converts 
this to "BCS" 


BNE 
X 


BACLA 
X 
A 


BASET 
X 
· 


A 


BSET 
X 
· 
CLAA 
Assembler 
converts 
this to "SUB 
SFF" 
A 
A 


CLAX 
Assembler 
converts 
this to ' MVI 
SBO,#O" 
· 


CLAY 
Assembler 
converts 
thIs to ' MVI 
S81,#0" 
· 
CMP 
X 
X 
I 
X 
A 
A 


COMA 
X 
A 
A 


DEC 
X 
X 
X 
A 


DECA 
Assembler 
converts 
this to "DEC 
SFF" 
A 


DECX 
Assembler 
converts 
this to "DEC 
S6O" 
A 


DECY 
Assembler 
converts 
this to "DEC 
S81" 
A 


INC 
X 
X 
I 
X 
A 


INCA 
Assembler 
converts 
this to "INC 
SFF" 
A 


INCX 
Assembler 
converts 
this to "INC 
S6O" 
A 


INCY 
Assembler 
converts 
this to "'NC 
S8'" 
A 


JMP 
X 
· 
· 


JSA 
I 
X 
· 
LDA 
X 
X 
X 
X 
A 
· 
lDXI 
Assembler 
converts 
this to "MVI 
S6O,DATA" 
· 
· 
lDYI 
Assembler 
converts 
this to "MVI 
S81,DATA" 
· 
· 
MVI 
X 
X 
I 
· 


NOP 
Assembler 
converts 
this to "BEO 
(PC,·,,, 


AOLA 
X 
A 
A 


ATI 
X 
A 
A 


ATS 
X 


STA 
X 
X 
X 
A 


SUB 
X 
X 
X 
A 
A 


TAX 
Assembler 
converts 
this to 
'STA 
S80" 
· 
TAY 
Assembler 
converts 
this to 
'STA 
S8," 


TXA 
Assembler 
converts 
this to 'LDA 
S80" 


TYA 
Assembler 
converts 
this to 
'LDAS8," 
· 
• 


II 


Branch 
Instructions 


~ 


0 
1 
2 
3 
4 
5 
6 
7 


Low 
Iסס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 


2 
2 
2 
2 
2 
2 
2 
2 


0 
BNE 
BNE 
BEQ 
BEG 
BCC 
BCC 
BCS 
BCS 


סס oo 
1 
REL 
1 
REl 
1 
REL 
1 
AEl 
1 
AEl 
1 
REL 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


1 
BNE 
BNE 
BEQ 
BEG 
BCC 
BCC 
BCS 
BCS 


0001 
1 
REL 
1 
REL 
1 
AEl 
1 
REL 
1 
REL 
1 
REl 
1 
REL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


2 
BNE 
BNE 
BEQ 
BEQ 
BCC 
BCC 
BCS 
BCS 


0010 
1 
REl 
1 
REl 
1 
REL 
1 
REL 
1 
AEl 
1 
REL 
1 
REL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


3 
BNE 
BNE 
BEG 
BEQ 
BCC 
BCC 
BCS 
BCS 


0011 
1 
AEL 
1 
REL 
1 
AEL 
1 
REl 
1 
RU 
1 
REl 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


4 
BNE 
BNE 
BEG 
BEG 
BCC 
BCC 
BCS 
BCS 


0100 
1 
REL 
1 
REL 
1 
REL 
1 
REl 
1 
AEl 
1 
REL 
1 
AEl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


5 
BNE 
BNE 
BEG 
BEQ 
BCC 
BCC 
BCS 
BCS 


0101 
1 
REl 
1 
REL 
1 
REL 
1 
REL 
1 
REl 
1 
REL 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


6 
BNE 
BNE 
BEG 
BEG 
BCC 
BCC 
BCS 
BCS 


0"0 
1 
REL 
1 
REL 
1 
REL 
1 
AEL 
1 
REL 
1 
AEL 
1 
AEL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


7 
BNE 
BNE 
BEQ 
BEG 
BCC 
BCC 
BCS 
BCS 


0111 
1 
AEL 
1 
AEL 
1 
REL 
1 
REL 
1 
AEL 
1 
AEl 
1 
REL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


8 
BNE 
BNE 
BEG 
BEG 
BCC 
BCC 
BCS 
BCS 


1000 
1 
AEL 
1 
REL 
1 
AEL 
1 
REL 
1 
REL 
1 
REL 
1 
REL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


9 
BNE 
BNE 
BEG 
BEQ 
BCC 
BCC 
BCS 
BCS 


1001 
1 
AEL 
1 
AEl 
1 
REL 
1 
AU 
1 
REL 
1 
REL 
1 
AEl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


A 
BNE 
BNE 
BEG 
BEG 
BCC 
BCC 
BCS 
BCS 


1010 
1 
REL 
2 
AEL 
1 
AEL 
1 
REL 
1 
REL 
1 
AEL 
1 
REL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


B 
BNE 
BNE 
BEG 
BEG 
BCC 
BCC 
BCS 
BCS 


1011 
1 
REL 
1 
REl 
1 
REl 
1 
AEL 
1 
AEL 
1 
AEL 
1 
RE 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


C 
BNE 
BNE 
BEG 
BEG 
BCC 
BCC 
BCS 
BCS 


1100 
1 
REL 
1 
REl 
1 
REl 
1 
AEl 
1 
REl 
1 
REl 
1 
REL 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


D 
BNE 
BNE 
BEQ 
BEG 
BCC 
BCC 
BCS 
BCS 


1101 
1 
REl 
1 
REl 
1 
REL 
1 
REl 
1 
REl 
1 
REL 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


E 
BNE 
BNE 
BEQ 
BEG 
BCC 
BCC 
BCS 
BCS 


1110 
1 
REL 
1 
REl 
1 
REL 
1 
AEl 
1 
REL 
1 
AEL 
1 
REl 
1 
REL 


2 
2 
2 
2 
2 
2 
2 
2 


F 
BNE 
BNE 
BEG 
BEG 
BCC 
BCC 
BCS 
BCS 


1111 
1 
REL 
1 
AEl 
1 
REl 
1 
REl 
1 
REl 
1 
AEl 
1 
REL 
1 
REL 


INH 
SoD 
B-T-B 
IMM 
DIR 
EXT 
REL 
BSC 
R-IND 


Inherent 
Short Direct 
Bit Test and Branch 
Immediate 
Direct 
Extended 
Relative 
Bit Set/Clear 
Register Indirect 


Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 


Register/Memory, 
Control, and 
Bit Manipulation 
Register/Memory 
and 
Read/Modify/Write 
Instructions 
Instructions 
Read/Modify/Write 


8 
9 
A 
B 
C 
D 
E 
F 
~ 
'000 
100' 
1010 
1011 
1100 
1101 
1110 
1111 
I 
Low 


4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
MVI 
BRCLRO 
BCLRO 
LDA 
LOA 
0 


2 
EXT 
2 
EXT 
3 
IMM 
3 
B-T-B 
2 
BSC 
1 
A·INO 
1 
A-INOסס oo 


4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
· 
BRCLRl 
BCLRl 
STA 
STA 
1 


2 
EXT 
2 
EXT 
3 
B-T·B 
2 
BSC 
1 
R-IND 
1 
A·IND 
0001 


4 
4 
2 
5 
4 
4 
4 


JSRn 
JMPn 
· 
RTI 
BRCLR2 
BCLR2 
ADD 
ADD 
2 


2 
EXT 
2 
EXT 
, 
INH 
3 
BT·B 
2 
BSC 
1 
R-IND 
1 
A-IND 
0010 


4 
4 
2 
5 
4 
4 
4 


JSRn 
JMPn 
· 
RTS 
BRCLR3 
BCLR3 
SUB 
SUB 
3 


2 
EXT 
2 
EXT 
1 
INH 
3 
B-T-B 
2 
BSC 
1 
A-INO 
1 
R-INO 
0011 


4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
COMA 
BRCLR4 
BCLR4 
CMP 
CMP 
4 


2 
EXT 
2 
EXT 
1 
INH 
3 
B-T-B 
2 
BSC 
I 
A INO 
1 
A-IND 
0100 


4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
ROLA 
BRCLR5 
BCLR5 
AND 
AND 
5 


2 
eXT 
2 
.- 


EXT 
1 
INH 
3 
B-T 
B 
2 
BSC 
1 
R-IND 
1 
R·lrm 
0101 


4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
· 
BRCLR6 
BCLR6 
INC 
INC 
6 


2 
eXT 
2 
EXT 
3 
B-T-B 
2 
BSC 
I 
A-IND 
1 
R·INO 
0110 


4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
· 
· 
BRCLR7 
BCLR7 
DEC 
DEC 
7 


2 
EXT 
2 
EXT 
3 
B-T8 
2 
BSC , 
R-IND 
1 
R-IND 
0111 


4 
4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
INC. 
DEC 
BRSETO 
BSETO 
LDA 
LDA 
8 


2 
EXT 
2 
EXT 
1 
SD 
1 
SoD 
3 
B-T-8 
2 
BSC 
2 
IMM 
2 
DIA 
1000 


4 
4 
4 
4 
5 
4 
4 


JSRn 
JMPn 
INC 
DEC 
BRSETl 
BSETl 
# 
STA 
9 


2 
EXT 
2 
EXT 
1 
SD 
1 
S·D 
3 
B-T-8 
2 
BSC 
2 
DIA 
100' 


4 
4 
4 
4 
5 
4 
4 
4 
JSRn 
JMPn 
INC 
DEC 
BRSET2 
BSET2 
ADD 
ADD 
A 


2 
EXT 
2 
EXT 
1 
SD 
1 
S·D 
3 
B-T-B 
2 
BSC 
2 
IMM 
2 
DIA 
1010 


4 
4 
4 
4 
5 
4 
4 


JSRn 
JMPn 
INC 
DEC 
BRSET3 
BSET3 
SUB 
SUB 
B 


2 
EXT 
2 
EXT 
1 
S·D 
I 
S·D 
3 
B-T-B 
2 
BSC 
IMM 
2 
DIA 
1011 


4 
4 
4 
4 
5 
4 
4 


JSRn 
JMPn 
LDA 
STA 
BRSET4 
BSET4 
CMP 
CMP 
C 


2 
EXT 
2 
EXT 
1 
SD 
1 
S·D 
3 
B·T·B 
2 
BSC 
2 
IMM 
DIA 
1100 


4 
4 
4 
4 
5 
4 
4 
4 


JSRn 
JMPn 
LDA 
STA 
BRSET5 
BSET5 
AND 
AND 
D 


2 
EXT 
2 
EXT 
1 
SD 
1 
s-o 
3 
B·T·B 
2 
BSC 
2 
IMM 
2 
DIA 
1101 


4 
4 
4 
4 
5 
4 
4 


JRSn 
JMPn 
LDA 
STA 
BRSET6 
BSET6 
# 
INC 
E 
=J: 


EXT 
2 
EXT 
1 
S·D 
1 
S·D 
3 
B-T-B 
2 
BSC 
2 
DIA 
1110 


4 
4 
4 
5 
4 
4 
JSRn 
JMPn 
LDA 
STA 
BRSET7 
BSET7 
# 
DEC 
F 


EXT 
2 
EXT 
1 
S·D 
1 
5-0 
3 
B T-B 
2 
BSC 
2 
DIA 
1111 


Cycles 


Mnemonic 
Bytes 


LDA 


R-IND 


II 


I 


SECTION 7 
ELECTRICAL 
SPECIFICATIONS 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
-03 
to + 70 
V 


Input Voltage 
Vin 
-03 
to + 70 
V 


Operating 
Temperature 
Range (Comm.l 
TA 
o to 70 
'c 


Operating 
Temperature 
Range (Ind.l 
TA 
-40 
to 85 
'c 


Storage 
Temperature 
Range 
Tstg 
-55 
to 150 
'c 


Junction 
Temperature 
Range 
Plastic 
150 
Ceramic 
TJ 
175 
'C/W 
Cerdlp 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Plastic 
70 
Ceramic 
8JA 
50 
'C/W 
Cerdip 
60 


TestPoint~ 
130 pF 1T0taii 


Figure 7-1. LSTIL 
Equivalent 
Test Load (Port B) 
Figure 7-2. CMOS Equivalent 
Test Load (Ports A, B, C) 


This device contains 
circuitry 
to protect 
the 
inputs 
against 
damage 
due to high 
static voltages of electric fields; however, 


it is advised 
that 
normal 
precautions 
be 
taken to avoid application 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For proper 
operation 
it is recommended 
that Vin and 
Vout 
be 
constrained 
to 
the 
range 
VSS:s (V,n or Voutl:S VCe- 
Reliability 
of 
operation 
is enhanced 
if unused 
inputs 
except 
EXTAL 
are connected 
to an ap- 


propriate 
logic voltage 
level (e.g" 
either 


VSS or VCCI 


Figure 7-3. LSTTL Equivalent 
Test Load (Ports A, C, 
and TIMER) 


The average chip-junction 
temperature, 
TJ, in °C can be obtained 
from: 


TJ=TA+(PD.(lJA) 
(1) 


Where: 


TA = Ambient 
Temperature, 
°C 
(lJA = Package Thermal 
Resistance, 
Junction-to-Ambient, 
°C/W 


PD= PINT+ 
PPORT 
PINT= 
ICC x VCc. 
Watts 
- 
Chip Internal 
Power 
PPORT= 
Port Power 
Dissipation, 
Watts 
- 
User Determined 
For most applications 
PPORT~ 
PINT and can be neglected. 
PPORT may become 
significant 
if 


the device is configured 
to drive Darlington 
bases or sink LED loads. 
An approximate 
relationship 
between 
PD and TJ (if PPORT is neglected) 
is: 


PD = K -;- (TJ + 273°C) 
(2) 


Solving 
equations 
1 and 2 for K gives: 
K=PD·(TA+273°C)+(lJA·PD2 
(3) 
Where 
K is a constant 
pertaining 
to the particular 
part 
K can be determined 
from equation 
3 by 


measuring 
PD (at equilibriuml 
for a known 
TA. Using this value of K the values of PD and TJ can be 


obtained 
by solving 
equations 
(H and (2) iteratively 
for any value of TA. 


7.5 
ELECTRICAL 
CHARACTERISTICS 
(VCC= 
+5.0 
Vdc±05 
Vdc, 
VSS=O 
Vdc, 
TA=OoC 
to 
70°C, 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Internal Power Dissipation - No Port Loading 
PINT 
- 
150 
- 
mW 


Input 
High Voltage 
VIH 
20 
VCC 
V 


Input Low Voltage 
VIL 
0.3 
- 
08 
V 


Input Capacitance 
(In 
- 
10 
- 
pF 


Input 
Current 
IIRQ. 
RESET) 
I,n 
- 
2 
20 
~A 


7.6 
SWITCHING 
CHARACTERISTICS 
(VCC = + 5.0 Vdc± 
0.5 Vdc, VSS = GND, TA = O°C to 
70°C, 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator Frequency 
10SC 
40 
110 
MHz 


Bit Time 
tblt 
0364 
10 
~s 


Byte Cycle Time 
tbvte 
436 
120 
~s 


IRQ and TIMER 
Pulse W,dth 
tWL·tWH 
2xtbyte 
- 
- 
- 


RESET Pulse Width 
tRWL 
2xtbyte 
- 
- 
- 


RESET Delay Time (External Capacltance- 
1.0 JLFI 
tRHL 
100 
- 
- 
ms 


I 


• 


7.7 
PORT DC ELECTRICAL 
CHARACTERISTICS 
(Vee= 
+5.0 Vdc±0.5 
Vdc, Vss = GND, 


T A = ooe 
to 7ooe, 
unless otherwise 
noted) 


Characteristic 
Symbol I 
Min 
I 
Typ 
Max 
Unit 


Ports A and C I Standard) 


Output 
Low Voltage, 
ILoad = OA mA 
VOL 
- 
- 
0.5 
V 


Output 
High Voltage, 
ILoad~ 
-50 
~A 
VOH 
23 
- 
- 
V 


Input 
High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input 
Low Voltage 
VIL 
-03 
- 
0.8 
V 


HI-Z State Input Current 
ITSI 
- 
4 
40 
~A 


Ports A and C 10pen 
Drain) 


Output 
Low 
Voltage, 
ILoad-OA 
mA 
VOL 
05 
V 


Input 
High Voltage 
VIH 
20 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
4 
40 
~A 


Open Drain 
Leakage 
(Vout- 
VCCI 
ILOD 
- 
4 
40 
~A 


Ports A and C (CMOS 
Drive) 


Output 
Low Voltage, 
ILoad-OA 
mA (Sinkl 
VOL 
- 
- 
05 
V 


Output 
High Voltage, 
ILoad- 
-10 
~A 
VOH 
VCC-1.0 
- 
- 
V 


Output 
High Voltage, 
ILoad- 
100 ~A 
VOH 
23 
V 


Input 
High Voltage, 
ILoad~ 
-300 
~A Max 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, 
ILoad - 
- 3CX)JlA Max 
VIL 
0.3 
- 
08 
V 


HI-Z State 
Input 
Current 
1Vin-0 
4 V to VCCI 
ITS 1 
- 
- 
-300 
~A 


Port 8 IStandard) 


Output 
Low Voltage, 
ILoad- 
1.0 mA 
VOL 
05 
V 


Output 
Low Voltage, 
ILoad= 
10 mA (Sinkl 
VOL 
- 
- 
1.5 
V 


Output 
High Voltage, 
ILoad= 
-100 
~A 
VOH 
23 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-03 
- 
0.8 
V 


Hi-Z State Input Current 
ITS I 
- 
8 
80 
~A 


Port B 10pen 
Drain) 


Output 
Low Voltage, 
ILoad ~ 1.0 mA 
VOL 
- 
- 
05 
V 


Output 
Low Voltage. 
ILoad-10 
mA IS,nk) 
VOL 
- 
- 
1.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
0.3 
08 
V 


Hl-Z State Input Current 
ITS 1 
- 
8 
80 
~A 


Open Drain 
Leakage 
IVout - VCC) 
ILOD 
- 
8 
80 
~A 


Port B (CMOS 
Drivel 


Output 
Low Voltage, 
ILoad= 
1.0 mA 
VOL 
- 
- 
0.5 
V 


Output 
High Voltage, 
ILoad-lO 
mA ISink) 
VOL 
- 
- 
15 
V 


Output 
High Voltage, 
ILoad= 
-10 
~A 
VOH 
VCC-1.0 
- 
- 
V 


Output 
High Voltage, 
ILoad - 
- 50 ~A 
VOH 
23 
- 
- 
V 


Input 
High Voltage, 
ILoad= 
- 300 ~A Max 
VIH 
2.0 
- 
VCC 
V 


Input 
Low Voltage. 
ILoad = - 300 uA Max 
VIL 
-03 
- 
0.8 
V 


HI-Z State 
Input 
Current 
1Vin=OA 
V to VCCI 
ITSI 
- 
- 
-300 
~A 


SECTION 8 
ORDERING 
INFORMATION 


8.1 
INTRODUCTION 


The following 
information 
is required 
when 
ordering 
a custom 
MCU. 
The information 
may be 
transmitted 
to Motorola 
in the following 
media: 


EPROM(s), 
MCM2716 
or MCM2532 


MOOS, 
disk file 


To initiate a ROM pattern 
for the MCU, it is necessary to first contact 
your local field service office, 


local sales person, 
or your local Motorola 
representative. 


8.1.1 
EPROMs 


An MCM2716 
or MCM2532 
type EPROM, programmed 
with the customer 
program 
(positive 
logic 
sense for address and data), 
may be submitted 
for pattern 
generation. 
Since all program 
and data 
space 
information 
will 
fit 
on one 
MCM2716 
or MCM2532 
EPROM, 
the 
EPROM 
must 
be pro- 
grammed 
as follows 
in order 
to emulate 
the MC6804P2 
MCU. 
For an MCM2716, 
start the data 
space ROM at EPROM address $020 and start program 
space ROM at EPROM address $400 and 
continue 
tOI memory 
space $7FF. Memory 
space $7F8 through 
$7FB are reserved for Motorola 
self- 
test vectors. 
For an MCM2532, 
the 
memory 
map shown 
in Figure 2-1 can be used. 
All unused 
bytes, 
including 
the user's space, 
must be set to zero. For shipment 
to Motorola, 
the EPROMs 
should be placed in a conductive 
IC carrier and packed securely. 
00 not use styrofoam. 


8.1.2 
MOOS 
Disk File 


An MOOS 
disk, 
programmed 
with 
the customer 
program 
(positive 
logic sense for address 
and 
data), 
may be submitted 
for pattern 
generation. 
When 
using the MOOS 
disk, include 
the entire 
memory 
image of both data and program 
space. All unused bytes, including 
the user's space, must 
be set to zero. 


All original 
pattern 
media (EPROMs 
or floppy 
disk) are filed for contractual 
purposes 
and are not 
returned. 
A computer 
listing 
of the ROM code will be generated 
and returned 
along with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form completed, 
signed, 
and returned 
to Motorola. 
The signed verification 
form constitutes 
the contractural 
agree- 


ment 
for creation 
of the customer 
mask. 
If deSired, 
Motorola 
will 
program 
a blank 
MCM2716, 


MCM2532, 
or MOOS disk (supplied 
by the customer) 
from the data file used to create the custom 


mask to aid in the verification 
process. 


• 


II 


Ten MCUs containing 
the customer's 
ROM pattern will be sent for program 
verification. 
These units 
will have been made using the custom 
mask but are for the purpose 
of ROM verification 
only. 
For 
expediency 
they are usually unmarked, 
packaged 
in ceramic, 
and tested only at room temperature 
and five volts. 
These RVUs are included 
in the mask charge and are not production 
parts. These 


RVUs are not backed 
nor guaranteed 
by Motorola 
Quality 
Assurance. 


8.4 
FLEXIBLE DISKS 


The disk media submitted 
must be single-sided, 
single density, 
8-inch, 
MOOS compatible 
floppies. 
The customer 
must clearly 
label the disk with 
the ROM pattern 
file name 
The minimum 
MOOS 
system files as well as the absolute 
binary object file (filename 
LO type of file) from the M6805 cross 
assembler 
must 
be on the disk. An object 
file made from 
a memory 
dump; 
using the ROLLOUT 
command 
is also 
admissable. 
Consider 
submitting 
a source 
listing 
as well 
as: 
filename, 
.LX 
(EXORciser 
loadable format). 
This file will of course be kept confidential 
and is used 1) to speed up 
the process in house if any problems 
arise, and 2) to speed up our customer 
to factory 
interface 
if a 
user finds any software 
errors and needs assistance 
quickly 
from 
the factory 
representative. 


MOOS is Motorola's 
Disk Operating 
System available on development 
systems such as EXORciser, 
EXORset, 
etc. 


Select the options 
for the MCU from 
the following 
list. A manufacturing 
mask will be generated 


from 
this information. 
Select one in each section. 


Internal 
Oscillator 
Input 


o Crystal 
o Resistor-Capacitor 


Interrupt 
Trigger 


o Edge-Sensitive 
o Level- and Edge-Sensitive 


Output 
Drive (Select 
one Option 
per Port) 


LSTTL 


oo 
o 


Port A 
Port B 
Port C 


CMOS/LSTTL 


ooo 


Open Drain 


ooo 


Customer 
Name 
_ 
Address 
_ 


City 
State 
Zip 
_ 


Phone ( 
l 
Extension 
_ 


Contact 
Msi Mr 
_ 


Customer 
Part Number 
_ 


Pattern 
Media 


o MCM2532 
EPROM 


o MCM2716 
EPROM 


o MDOS 
Disk File 
o (Notel 
_ 


Signature 
_ 


Title 
_ 


• 


• 


SECTION 9 
MECHANICAL 
DATA 


This section 
contains 
the pin assignment 
and package dimension 
diagrams 
for the MC6804P2 
microcomputer. 


Vss 
RESET 


IRO 
PA7 


VCC 
PA6 


EXTAL 
4 
PA5 


XTAL 
PM 


MDS 
PA3 


TIMER 
7 
PA2 


PCO 
PAl 


PCl 
PAO 


PC2 
PB7 


PB6 


PBO 
PB5 


PBl 
PB4 


PB2 
PB3 


® MOTOROLA 


The MC68HC04P2 and MC68HC04P3 HCMOS microcomputer 
units 
IMCUsl 
are members of the M68HC04 Family of very low-cost 
single- 


chip microcomputers. 
These 8-bit microcomputers 
contain a CPU, on- 
chip CLOCK, ROM, RAM, I/O, and TIMER. They are designed for the 
user 
who 
needs 
an 
economical 
microcomputer 
with 
the 
proven 


capabilities of the M6800-based instruction 
set. The following 
are some 
of the 
hardware 
and software 
highlights 
of 
the 
MC68HC04P2 
and 
MC68HC04P3 microcomputers. 


HARDWARE 
FEATURES 


• 
Low Power HCMOS 
• 
Power Saving Stop and Wait Modes 


• 
8-Bit Architecture 


• 
MC68HC04P2 and MC68HC04P3 are Pin Compatible 
With the 
MC6804P2 


• 
RAM: MC68HC04P2 - 
32 Bytes 
MC68HC04P3 - 
128 Bytes 


• 
Memory 
Mapped I/O 


• 
User ROM: MC68HC04P2 - 
1024 Bytes 
MC68HC04P3 - 
2048 Bytes 


• 
72 Bytes of ROM for Look-Up Tables 


• 
20 TTL/CMOS 
Compatible 
Bidir8ctional 
I/O Lines IEight Lines are 


LED Compatible) 


• 
On-Chip Clock Generator 


• 
Self-Check 
Mode 


• 
Master Reset 


• 
Complete 
Development 
System Support on EXORciser 


• 
Software 
Programmable 
Timer Prescaler 


• 
5 Volt Single Supply 


SOFTWARE 
FEATURES 


• 
Similar to M6800 Family 


• 
Byte Efficient 
Instruction 
Set 


• 
Easy to Program 
• 
True Bit Manipulation 


• 
Bit Test and Branch Instruction 


• 
Versatile Interrupt 
Handling 


• 
Versatile Indirect 
Registers 


• 
Conditional 
Branches 


• 
Single Instruction 
Memory 
Examine/ Change 


• 
Timer Pin is Software 
Programmable 
as Clock Input or Timer Input 


• 
10 Powerful 
Addressing 
Modes 


USER SELECTABLE OPTIONS 


• 
20 Bidirectional 
I/O Lines with TTL or TTLICMOS 
Interface Option 


• 
Crystal or Low-Cost 
Resistor Oscillator Option 


• 
Vectored 
Interrupts: 
Timer, 
Software, 
and External 


• 
Mask Selectable Edge- or Level-Sensitive 
Interrupt 
Pin 


MC68HC04P2 
MC68HC04P3 


HCMOS 
(HIGH-DENSITY 
CMOS 


SILICON-GA 
TEl 


a-BIT HCMOS 
MICROCOMPUTERS 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
710 


Z SUFFIX 


CHIP 
CARRIER 


CASE 
761 


PIN ASSIGNMENT 


VSS 
RESET 


ifill 
27 
PA7 


VCC 
3 
26 
PA6 


EXTAL 
4 
25 
PA5 


XTAL 
24 
PM 


MDS 
6 
23 
PA3 


TIMER 
22 
PA2 


PCO 
8 
21 
PAl 


PC1 
9 
20 
PAO 


PC2 
10 
19 
PB7 


PC3 
11 
18 
PB6 


PBO 
12 
17 
PB5 


PB1 
13 
16 
PB4 


PB2 
14 
15 
PB3 


II 


II 


7 
0 


r 


A 
I Accumulator 


These are 
7 
0 


Registers 
I 
XP 
I 


Indirect 
In Data 
Register X 
Space 
RAM 
7 
0 


I 
YP 
I IndIrect 
Register Y 


11 
8 
7 
0 


I 
PCH 
I 
PCl 
I Program 


I 
Counter 


PBO 
PB1 


Data 
Port 
PB2 
Port 


Dor 
B 
PB3 
B 


Reg 
Reg 
PB4 
1,0 


PB5 
Lines 
PB6 
PB7 


Data 
Port 
PCO 
Port 


Dor 
C 
PC1 
C 


Reg 
Reg 
PC2 
I/O 
PC3 
Lines 


® MOTOROLA 


The MC6805K2/ MC6805K3 microcomputer un,ts are members of the 
M6805 Family of low-cost 
single-chip microcomputers. 
These 8-bit 
microcomputers contain a CPU, on-chip clock, ROM, EEPROM, RAM, 
I/O, two timers, one programmable prescaler, and a serial peripheral In- 
terface. These units are designed for the user who needs an economical 
microcomputer with the proven capabilities of the M6800-based instruc- 
tion set. 


HARDWARE FEATURES 


• 
32 Bidirectional TTL I/O lines 
Eight CMOS I/O Compatible 
Eight LED I/O Compatible 
Eight Open Drain (Software Controll 


• 
User ROM: 
MC6805K2 - 
2K Bytes 
MC6805K3 - 
3.6K Bytes 


• 
96 Bytes of User RAM, 16 Bytes on Standby via VSTBY Pin 


• 
128 Bytes of User EEPROM with Write/Erase Latches 


• 
Self-Check Mode 


• 
Serial Peripheral Interface 


• 
Zero-Crossing Detect/Interrupt 


• 
Two Cascadable 8-Blt Timers With 7-Bit Software Programmable 
Prescaler, Data Modulus Latch, and Capture Latch 


• 
AUXiliary Counter wnh "Watchdog" 
Reset Feature 


• 
5-Volt Single Supply 


• 
Two External Interrupts 


SOFTWARE FEATURES 


• 
10 Powerful AddreSSing Modes 


• 
Byte Efficient Instruction Set with True Bn Manipulation, 
Bit Test, 
and Branch Instructions 


• 
Single Instruction Memory Examlne/ Change 


• 
Powerful Indexed AddreSSing for Tables 


• 
Full Set of Conditional Branches 


• 
Memory Usable as Register/Flags 


• 
User Callable Self-Check Subroutines 


• 
Complete Development System Support on EXORCiser,EXORset, 
and HDS-200 


USER SELECTABLE OPTIONS 


• 
Eight Bidirectional I/O Lines With TTL or TTLICMOS 
Interface 
Option 


• 
Crystal or Low-Cost Resistor OSCillatorOption 


• 
Low Voltage Inhibit Option 


• 
Vectored Interrupts· T,meriSPI. 
Software, and External 


• 
Eight Byte Standby RAM Option 


MC680SK2 
MC680SK3 


(HIGH 
DENSITY 
N-CHANNEL, 
SILICON-GATE 
DEPLETION 
LOADI 


8-BIT 
MICROCOMPUTERS 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715 


~~PSUFFIX 
~VMU:~ASTIC 
PACKAGE 


CASE 
711 


~ 


SSUFFIX 


CERPID 
PACKAGE 


CASE 
734 


PIN ASSIGNMENT 


VSS 
1 
40 
PA7 


RESET 
2 
39 
PA6 
iNTI 
3 
38 
PA5 


VCC 
4 
37 
PA4 


XTAL 
5 
38 
PA3 


EXTAL 
6 
35 
PA2 


VSTBY 
7 
34 
PAl 


Vpp 
B 
33 
PAO 


PCO 
9 
32 
PB7 


PCl 
10 
31 
PB6 


PC2 
11 
30 
PB5 


PC3 
12 
29 
PB4 


PC4 
13 
28 
PB3 


PC5 
14 
21 
PB2 


PC6 
15 
26 
PBl 


PC7 
16 
25 
PBO 


T1MERA/PD7 
17 
24 
PDO/SPISS 


TCON1I1NT2/PD6 
18 
23 
PD1/SPICL 


TIMERB/PD5 
19 
22 
PD2/SPID 


TCON2/PD4 
20 
21 
PD3/SPID 


II 


II 


XTAL --l 
Clock 
~ 
¢1 
EXTAL --l 
~ 
¢2 


PBO 


PBl 


PB2 


PB3 
al 
al 
0: 
" 
0 
PB4 
D.- 
O 


PB5 


PB6 


PB7 


RESET 
iNTf 
VCC--- 
VSS--- 


PCO 


PCI 


PC2 


PC3 
u 
u 
0: 
PC4 
" 


0 
D.- 
O 


PC5 


PC6 


PC7 


·User 
ROM 


MC6805K2 
= 2K Bytes 


MC6805K3= 
3.6K 
Bytes 


Program 
Counter 
Low 


Program 
Counter 
High 


Index 
Register 


Condition 
Code 
Register 


Stack 
POInter 


Self 


Check 
ROM 


24Bx8 
SPI 
Data/Clock 


SPI 


Control 


Carry/Borrow 


Zero 


Negative 


Interrupt 
Mask 


Half Carry 


PD71T,mer 
A 


PD6ITCON1/1NT2 


PD5/T,mer 
B 


PD4/TCON2 


PD3/SPID 


PD2/SPID 


PD1/SPICL 


PDO/SPISS 


The input 
and output 
signals for the MC6805K2 and 
MC6805K3 microcomputer units IMCUsl are described in the 
following paragraphs. 


VCC, VSS, AND VSTBY 
Power is supplied to the MCUs using these pins. VCC pro- 
vides the 5.0 volt ± 5% power supply connection, VSS is the 
ground connection, and VSTBY is the standby RAM power 


connection. 


INT1 
This pin provides the capability for asynchronously apply- 
ing an external interrupt to the MCU. Zero-crossing detec- 
tion capability is provided on this pin. 


XTAL AND EXTAL 


These pins provide control 
input for the on-chip clock 
oscillator circuit. 
A crystal or a capacitor-resistor 
network, 
depending on the user selectable manufacturing 
mask op- 
tion, can be connected to these pins to provide a system 
clock source with various stability/cost 
tradeoffs. 


Vpp 


This pin is used to supply programming voltage 121volts) 
to the EEPROM in the program mode. It should be con- 
nected to VCC during normal operation. 


TIMER A/PD7 
- 
TIMER B/PD5 
These pins allow an external input to be used to decre- 


ment 
the 
internal 
timers. 


RESET 


This pin allows 
resetting of the 
MCU by an external 
source. 


INPUT/OUTPUT 
PORTS 
lPAO-PA7, PBO-PB7, PCO-PC7,PDO-PD7) 


Ports A, B, and C are programmable as either inputs or 
outputs 
under 
software 
control 
of 
the 
data 
direction 
registers. All ports are CMOS and TTL input compatible and 
TTl 
output compatible. 


As shown in Figure 3, the MC6805K2 and MC6805K3 
microcomputers 
are capable of addressing 4096 bytes of 
memory space with their program counters. The MCUs have 
implemented 2048 bytes of ROM including eight interrupt 
vectors, 248 bytes of self-check ROM, 96 bytes of user RAM, 
128 bytes of EEPROM, and 17 bytes of port I/O, control, 
data, and status registers. The user ROM is split into two 
areas. One area is the main memory 1I0cations $700to $EFFI. 
The last eight user ROM locations, $FF8 to $FFF, are for the 


interrupt 
vectors. 
The MCUs reserve the first 17 memory locations for I/O 
and hardware features. These locations are used for the 
ports, 
the 
port 
data direction 
registers, 
the timers, 
the 
miscellaneous register, the serial peripheral interface, and 
the EEPROM program control. 
Of the 96 RAM bytes, 31 
1$061 through 
$07FI are shared with the stack area. The 
stack must be used with care when data shares the stack 
area. The lower sixteen bytes of RAM, between $20and $2F, 
are powered through the VSTBY pin. 
The shared stack area is used during the processing of an 
interrupt or subroutine calls, to save the contents of the CPU 
state. Since the register contents are pushed onto the stack, 
the stack pointer decrements during pushes. The low order 
byte (PCLI of the program counter is stacked first; then the 
high order four bits IPCHI are stacked. This ensures that the 
program counter is loaded correctly during pulls from the 
stack, since the stack pointer increments when it pulls data 
from the stack. A subroutine call results in only the program 
counter IPCl, 
PCHI contents being pushed onto the stack; 
the remaining CPU registers are not pushed Isee Figure 41. 


• 


• 


EEPROM 


128 Bytes 


Future 


EEPROM 


Future 


ROM 


Main 


ROM 


2048 


Bytes 


Self-Check 
ROM 
248 
Bytes 


Vectors 8 Bytes 


Hex 
•• 
SOOO 


SOOI 


S002 


S003 


S004 


S005 


SOO8 


S007 


SOO6 


SOO8 


SOOA 


SOOB 


SOOC 


SOOD 


SOOE 


SOOF 


SOlO 


Port A Data 


Port B Data 


Port 
C Data 


Port 0 Data 


Port 
A DDR 


Port 
B DDR 


Port 
C DDR 


Port 
D DDR 


Timer A Data 


Timer A Control 


Miscellaneous 


Program Control 


Timer B Data 


Timer 8 Control 


SPI 
Data 


SPI 
Control 


Prescaler Control 


Future RAM 


RAM 
96 Bytes 


0 
Pull 


Condition 
n+ 
1 
n-4 
1 
1 
Code 
Register 


n-3 
Accumulator 
n+2 


n-2 
Index 
Register 
n+3 


n-l 
1 
1 
1 1 
PCH" 
n+4 


PCL" 
n+5 


PuSh 


* For subroutine calls. only peL and PCH are stacked 


@ MOTOROLA 


The 
MC6805P2 
Microcomputer 
Unit 
(MCU) 
IS a member 
of 
the 
M6805 
Family 
of 
low-cost 
single-chip 
microcomputers. 
This 
8-bit 
microcomputer 
contains a CPU, on-chip CLOCK, ROM, RAM, I/O, and 
TIMER. It ISdesigned for the user who needs an economical microcom- 
puter with the proven capabilities 
of the M6800-based instruction 
set. 


The following 
are some of the hardware and software 
highlights 
of the 
MC6805P2 MCU. 


HARDWARE 
FEATURES 


• 
8-Blt Architecture 


• 
64 Bytes of RAM 


• 
Memory 
Mapped I/O 


• 
1100 Bytes of User ROM 


• 
20 TTLICMOS 
Compatible 
Bidlfectlonal 
I/O 
Lines 18 Lines are 
LED Compatible) 


• 
On-Chip Clock Generator 


• 
Self-Check 
Mode 


• 
Zero Crossing Detection 


• 
Master Reset 


• 
Complete 
Development 
System Support 
on EXORciser 


• 
5 V Single Supply 


SOFTWARE 
FEATURES 


• 
Similar to M6800 Family 


• 
Byte EffiCient Instruction 
Set 


• 
Easy to Program 


• 
True Bit Manipulation 


• 
Bit Test and Branch Instruction 


• 
Versatile Interrupt 
Handling 


• 
Versatile Index Register 


• 
Powerful 
Indexed Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory Usable as Register/Flags 


• 
Single Instruction 
Memory 
Examine/Change 


• 
10 Powerful 
Addressing 
Modes 


• 
All Addressing 
Modes Apply to ROM, RAM, and I/O 


USER SELECTABLE OPTIONS 


• 
Internal 8-Blt Timer With Selectable Clock Source (External Timer 
Input or Internal Machine Clock) 


• 
Timer Prescaler Option (7 BitS, 2nl 


• 
8 B,dlfect,onall/O 
lines with TTL or TTLICMOS 
Interface Option 


• 
Crystal or Low-Cost 
Resistor Oscillator Option 


• 
Low Voltage Inhibit Option 


• 
Vectored 
Interrupts: 
Timer, Software, 
and External 


(HIGH 
DENSITY 


N CHANNEl. 
SILICON-GATE 


DEPLETION 
LOAD) 


8-BIT 
MICROCOMPUTER 


VSS 


INT 
2 


VCC 
3 


EXTAL 


XTAL 


NUM 


TIMER 


PCD 
8 


PCI 
9 


PC2 


PC3 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
710 


S SUFFIX 


CERDIP 
PACKAGE 


CASE 
733 


RESET 


27 
PA7 


26 
PA6 


25 
PA5 


24 
PA4 


23 
PI\3 


22 
PA2 


21 
PAl 


20 
PAD 


19 
PB7 


18 
PB6 


17 
PBS 


16 
PB4 


15 
PB3 


• 


PBO 
Accumulator 
PBl 
8 
A 
CPU 
Data 
Port 
PB2 
Port 


Index 
Control 
Dir. 
8 
PB3 
B 


Register 
Reg. 
Reg. 
PB4 
110 


PAO 
8 
X 
PB5 lines 


PAl 
Condition 
PB6 


Port 
PA2 
Port 
Data 
Code 
PB7 


A 
PA3 
A 
Oir 
Register 
CC 
110 
PA4 
CPU 
• 


Lines 
PA5 
Reg. 
Reg. 
Stack 


PA6 
5 
POinter 
SP 
PA7 
Data 
Port 
PCO Port 
Program 
PC1 
C 
Counter 
Dor 
C 
PC2 
110 
3 
High 
PCH 
Reg 
Reg 
PC3 Lines 
AlU 


1100X 8 
Program 
User ROM 
Counter 
116 X 8 Self· 
8 
low 
PCl 
Check ROM 


MAXIMUM 
RATINGS 


Ratina 
Symbol 
Value 
Unit 


Supply Voltage 
vr:C 
-0.3 
to + 7.0 
V 


Input Voltage 
(Except Pin 6) 
V,n 
-0.3 
to + 7.0 
V 


OperatIng 
Temperature 
Range 
TA 
o to 70 
·C 


Storage 
Temperature 
Range 
Tstg 
-55 to + 150 
'c 


Junction 
Temperature 


Plastic 
150 


Ceramic 
Tj 
175 
·C 


Cerdlp 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Plastic 
72 


Ceramic 
8jA 
50 
'C/W 


Cerdtp 
60 


This deVice contains cIrcUItry to protect 
the 
Inputs 
against 
damage 
due 
to 
high 
sIalic 


voltages 
or 
electnc 
fields. 
however, 
It IS ad- 
vised 
that 
normal 
precautions 
be taken 
to 
avoid application 
of any voltage 
higher than 


maximum 
rated 
voltages 
10 
this 
hlgh- 


Impedance 
CirCUit For proper operation 
It IS 
recommended 
thaI 
Vln 
and 
VOUI be con- 


strained 
to the 
range 
VSS:s 
IVm 
or Vout) 


:s VCc. 
Reliability of operation ISenhanced 
If 
unused Inputs are tied to an appropriate logiC 
vOltage level (e.g, 
eltner VSS 
or VCC) 


POWER CONSIOERATIONS 


The average chip·junction 
temperature. 
TJ. in °c can be obtained 
from: 


Tj=TA+IPO.OjAI 
111 
Where: 


TA E Ambient 
Temperature. 
·C 


8JAE Package Thermal Resistance, Junction·to·Ambient, 
·C/W 


Po E PINT + PPORT 
PINT'" ICC x VCC. Watts 
- 
Chip Internal Power 
PPORT" 
Port Power Dissipation, 
Watts 
- 
User Determined 


For most applications 
PPORT<CPINT and can be neglected. 
PPORT may become significant 
if the device is configured 
to 


drive Darlington 
bases or sink LED loads. 


An approximate 
relationship 
between Po and Tj 
(if PPORT is neglected) 
is: 


PO= K + (TJ + 273·CI 
(21 
Solving equations 
1 and 2 for K gives: 


K = PO.IT A + 273·CI + 8JA.P02 
131 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibrium) 
for a known TA. Using this value of K the values of Po and TJ can be obtained by solving equations (11and (2) iteratively for any 
value of TA. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
High Voltage 


RESET 14.75"VCC,s5.75J 
4.0 
- 
VCC 
IVCC<4.75J 
VCC-05 
- 
VCC 
INT {4.75,sVCC,s5.751 
VIH 
4.0 
· 
VCC 
V 


IVCC<4.75J 
VCC-0.5 
· 
VCC 
All Other 
2.0 
- 
VCC 


Input High Voltage Timer 
Timer Mode 
VIH 
2.0 
- 
VCC+ 
1 
V 


Self-Check 
Mode 
- 
100 
15.0 


Input Low Voltage 
RESET 
VSS 
- 
08 
INT 
VIL 
VSS 
· 


1.5 
V 


All Other 
VSS 
- 
0.8 


RESET Hysteresis 
Voltage 
ISee Figures 
10. 11. and 121 


"Out of Reset" 
VIRES + 
2.1 
- 
4.0 
V 


"Into 
Reset" 
VIRES - 
0.8 
- 
2.0 


INT Zero Crossing Input Voltage, 
Through a Capacitor 
VINT 
2.0 
- 
4.0 
Vac 0-0 


Internal Power Dissipation-No 
Port Loading VCC-5.75 
V, TA-OcC 
PINT 
- 
400 
690 
mW 


Input Capacitance 
XTAL 
Cin 
- 
25 
- 
pF 
All Other 
- 
10 
- 


Low Voltage 
Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
ODC1070DC 
VLVI 
2.75 
3.5 
- 
V 
-40°C 
to 85°C 
3.1 
3.5 
- 


Input Current 
TIMER 
{V,n = 04 
VI 
- 
- 
20 


INT IV,n=24 
V to VCCI 
- 
20 
50 
EXTAL 
IV,n= 
24 
V to VCC. 
Crystal 
OptionJ 
lin 
- 
- 
10 
~A 
(Vin = 0.4 V, Crystal Option) 
- 
- 
- 1600 
RESET 1Vin=0.8 
VJ 
-4.0 
- 
-40 
(External Capacitor Sharing Current) 


Characteristic 
I 
Symbol 
I 
Min 
Typ 
Max 
I 
Unit 


Port A with 
CMOS 
Drive Enabled 


Output 
Low Voltage, 
ILoad= 
1.6 mA 
VOL 
- 
- 
04 
V 


Output 
High Voltage, 
ILoad ~ -100 
~A 
VOH 
24 
- 
- 
V 


Output 
High Voltage, 
ILoad= 
-10 
~A 
VOH 
VCC-l 
- 
- 
V 


Input 
High Voltage, 
ILoad= 
-300 
~A Imax.J 
VIH 
2.0 
- 
VCC 
V 


Input 
Low Voltate, 
ILoad- 
-500 
~A Imax.! 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State 
Input 
Current 
IV,n=2.0 
V to VCCI 
IIH 
- 
- 
-300 
~A 


Hi-Z State 
Input 
Current 
1Vin = 04 
VI 
II 
- 
- 
-500 
~A 


Port B 


Output 
Low Voltage, 
ILoad=3.2 
mA 
VOL 
- 
- 
04 
V 


Output 
Low Voltage. 
ILoad -10 
mA Isinkl 
VOL 
- 
- 
1.0 
V 


Output 
High Voltage, 
ILoad= 
-200 
~A 
VOH 
24 
- 
- 
V 


Darlington 
Current Drive (Source), 
VO= 
1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
20 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
OB 
V 


Hi-Z State Input Current 
ITS I 
- 
2 
10 
~A 


Port C and Port A with 
CMOS 
Drive Disabled 


Output 
Low Voltage, 
ILoad = 1.6 mA 
VOL 
- 
- 
04 
V 


Output 
High Voltage, 
ILoad- 
- 
100 ~A 
VOH 
24 
- 
- 
V 


Input 
High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
10 
~A 


• 


• 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
MC6805P2 
0.4 
- 
4.2 
MC68A05P2 
fasc 
0.4 
- 
60 
MHz 
MC68B05P2 
0.4 
- 
BO 


Cycle Time 14/foscl 
tcvc 
0.95 
- 
10 
~s 
INT and TIMER PulseWidth ISee Interrupt SectionI 
tWL, tWH 
tcvc+ 250 
ns 


RESET PulseWidth 
tRWL 
tcyc+ 250 
ns 


RESETDelay Time IExternal Capacitance- 1.0 ~F) 
tRHL 
100 
ms 


INT Zero Crossing 
Detection 
Input 
Frequency 
flNT 
0.03 
- 
1.0 
kHz 
ExternalClock Input Duty Cycle IEXTALI 
- 
40 
50 
60 
% 


1.25kOI 
MMD7000. 
or EqUlv 


TestPoint~ 


130 
pF lTotall 


SIGNAL 
DESCRIPTION 
The input and output signals for the MCU are described in 
the following 
paragraphs. 


Vcc 
AND VSS 
Power is supplied to the MCU using these two pins. VCC 
is power and VSS is the ground connection. 


INT 


This pin provides the capability for asynchronously 
apply- 
ing an external interrupt to the MCU. Refer to Interrupts sec- 
tion for additional 
information. 


XTAl 
AND EXTAl 


These 
pins 
provide 
connections 
to 
the 
on-chip 
clock 
oscillator 
circuit. 
A crystal, a resistor, or an external signal, 
depending 
on the user selectable manufacturing 
mask op- 
tion, 
can be connected 
to these pins to provide a system 
clock 
source 
with 
various 
stability/cost 
tradeolls. 
lead 
lengths and stray capacitance 
on these two pins should be 
minimized. 
Refer to Internal Clock Generator Options section 
for recommendations 
about these inputs. 


TIMER 


This pin allows an external input to be used to decrement 
the internal timer circuitry. 
Refer to Timer section for addi- 
tional information 
about the timer circuitry. 


RESET 


This pin allows resetting of the MCU at times other than 
the automatic 
resetting capability already in the MCU. Refer 
to Resets section for additional 
information. 


NUM 


This pin is not for user application and must be connected 
to VSS. 


INPUT/OUTPUT 
LINES (PAD-PA7, PBO-PB7, PCO-PC3) 


These 20 lines are arranged into two S-bit ports IA and BI 
and one 4-bit port (CI. All lines are programmable 
as either 
inputs or outputs 
under software 
control 
of the data direc- 
tion registers. Refer to Inputs/Outputs 
section for additional 
information. 


MEMORY 


As shown in Figure 5, the MCU is capable of addressing 
2048 bytes of memory 
and I/O registers with 
its program 
counter. 
The MC6805P2 
MCU 
has implemented 
1288 of 
these locations. 
This consists of: 1100 bytes of user ROM, 
116 bytes of self-check ROM, 64 bytes of user RAM, 6 bytes 
of port I/O, and 2 timer registers. 
The stack area is used during the processing of interrupt 
and subroutine calls to save the processor state. The register 
contents 
are pushed onto the stack in the order shown 
in 
Figure 
6. 
Because 
the 
stack 
pointer 
decrements 
during 
pushes, the low order byte (PCLI of the program counter is 
stacked 
first; 
then 
the 
high 
order 
three 
bits 
(PCHI 
are 
stacked. 
This ensures that the program 
counter 
is loaded 
correctly, 
during pulls from the stack, since the stack pointer 
increments during pulls. A subroutine 
call results in only the 
program counter 
(PCl, 
PCHl contents 
being pushed onto 
the stack. The remaining CPU registers are not pushed. 


CENTRAL 
PROCESSING 
UNIT 


The 
CPU 
of 
the 
M6805 
Family 
is 
implemented 
in- 
dependently 
from the I/O or memory configuration. 
Conse- 
quently, 
it can be treated 
as an independent 
central 
pro- 


cessor communicating 
with I/O and memory via internal ad- 
dress, data, and control 
buses. 


REGISTERS 


The M6805 Family CPU has five registers available to the 
programmer. 
They are shown in Figure 7 and are explained in 
the following 
paragraphs. 


FIGURE 5 - 
MCU ADDRESS 
MAP 


0 
7 
6 
5 
4 
3 
2 
1 
0 


000 
I/O 
Ports 
SOOO 
Port A 
SOOO 


Timer 
Port B 
SOOl 


Page Zero 
RAM 
Access with 
11288ytes! 
1 
1 
1 
1 
Port C 
S002 


127 
Short 
128 
Not Used 
$003 
Instructions 
Page Zero 
User ROM 
Port A DDR 
$004* 


1128 Bytes! 
5 
Port BOOR 
$005* 
255 
256 
6 
Not Used 
Port C DDR 
$006* 


Not Used 
7 
Not Used 
S007 
1704 Bytesl 
8 
Timer Data Reg 
$008 
959 
960 
9 
Timer 
Control 
Reg 
$009 
Main 
User 
ROM 
10 
SOOA 
Not Used 
• 


1964 Bytes! 
S783 
154 Bytes! 
1923 
63 
S03F 


1924 
S784 
64 
S040 
Self Check 


ROM 
RAM 


2039 
1116 Bytes! 
184 Bytes! 
S7F7 
r 


Timer Interrupt 
S7F8 
2041 
S7F9 
2042 
---- 
S7FA 
Interrupt 
2043 
External Interrupt 
S7FB 
Vectors 
2044 
---- 
S7FC 
SWI 
2045 
---- 
S7FD 
2046 
Reset 
S7FE 
2047 
S7FF 
S07F 


* Caution: 
Data direction 
registers 
(OORs) are write-only; 
they read as SFF. 


6 
0 
Pull 


n-4 
1 
1 
Condition 


Code Register 
n+l 


n-3 
Accumulator 
n+2 


n-2 
Index Register 
n+3 


n-l 
1 1 1 1 
PCH* 
n+4 


PCL* 
n+5 


10 
I 
PCH 


o 


===========A===========r 
Accumulator 
o 


===========x===========1 
Index 
Register 
o 
I Program Counter 


o 
I Stack 
Pointer 


10 
I 0 I 0 I 0 I 0 I 


Push 


* For subroutine 
calls, only peL and PCH are stacked. 


ACCUMULATOR 
(A) 


The accumulator 
IS a general 
purpose 
8-bit 
register 
used to 


hold 
operands 
and 
results 
of arithmetic 
calculations 
or data 
manipulations. 


Negative 


Interrupt 
Mask 


Half Carry 


• 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit value that may be 
added to an instruction value to create an effective address. 
The index register can also be used for data manipulations 
using the read-modify-write 
instructions. 
The index register 
may also be used as a temporary storage area. 


PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains the 
address of the next instruction to be executed. 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the ad- 
dress of the next free location on the stack. Initially, the 
stack pointer is set to location $07F and is decremented as 
data is pushed onto the stack and incremented as data is 
pulled from the stack. The six most significant bits of the 
stack pointer are permanently configured toסס OO11.During 
an MCU reset or the reset stack pointer IRSP) instruction, 
the stack pointer is set to location $07F. Subroutines and in- 
terrupts may be nested down to location $061 131bytes max- 
imum) which allows the programmer to use up to 15levels of 
subroutine calls. 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which four 
bits are used to indicate the results of the instruction just ex- 
ecuted. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each in- 
dividual condition code register bit is explained in the follow- 
ing paragraphs. 


HALF CARRY (H) - 
Set during ADD and ADC instruc- 
tions to indicate that a carry occurred between bits 3 and 4. 


INTERRUPT (I) - 
This bit is set to mask Idisable) the 
timer and external interrupt 
liNT). 
If an interrupt 
occurs 
while this bit is set, the interrupt is latched and is processed 
as soon as the interrupt is cleared. 


NEGATIVE (N) - 
Used to indicate that the result of the 
last arithmetic, 
logical, or data manipulation was negative 
(bit 7 in result equal to a logical one). 


ZERO (Z) - 
Used to indicate that the result of the last 
arithmetic, logical, or data manipulation was zero. 


CARRY IBORROW (C) - 
Used td indicate that a carry or 
borrow out of the arithmetic logic unit (ALUI occurred dur- 
ing the last arithmetic operation. This bit is also affected dur- 
ing bit test and branch instructions plus shifts and rotates. 


TIMER 


The MC6805P2 MCU timer circuitry is shown in Figure 8. 


The 8-bit counter may be loaded under program control and 
is decremented toward zero by the clock input Iprescaler 
outputl. 
When the timer reaches zero, the timer interrupt re- 


quest bit Ibit 7) in the timer control register ITCR) is set. The 
timer interrupt can be masked Idisabled) by setting the timer 
interrupt mask bit Ibit 6) in the TCR. The interrupt bit (I bit) in 
the condition 
code register also prevents a timer interrupt 


from being processed. The MCU responds to this interrupt 
by saving the present CPU state on the stack, fetching the 
timer interrupt vector from locations $7F8 and $7F9, and ex- 
ecuting the interrupt routine; see the Interrupts section. THE 
TIMER INTERRUPT REQUEST BIT MUST BE CLEARED BY 
SOFTWARE. 


The clock input 
to the timer can be from an external 
source Idecrementing of timer counter occurs on a positive 
transition of the external source) applied to the TIMER input 
pin or it can be the internal 4>2signal. The maximum frequen- 
cy of a signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tWL, tWH. The 
pin logic that recognizes the high (or low) state on the pin 
must also recognize the low (or high) state on the pin in 
order to "re-arm" 
the internal logic. Therefore, the period 
can be calculated as follows: lassumes 50/50 duty cycle for a 
given period) 


tcyc x 2+ 250 ns= period = -.!...- 


freq 


The period is not simply tWL + tWH. 
This computation 
is 
allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily longer period (250 ns 
twicel. 


When the 4>2signal is used as the source, it can be gated 
by an input applied to the TIMER input pin allowing the user 
to easily perform 
pulse-width 
measurements. (NOTE: For 
ungated 4>2clock inputs to the timer prescaler, the TIMER 


TIMER 
Input 


Pin 


r------"\ 
I 
I 
I 
I 
I 
I 


I 
I 
I. 
I 
l.. 
• 


Manufactunng 
Mask 
Options 


TImer 
Interrupt 
Mask ITIMI 


Not Used 


~ 


pin should be tied to VCC.l The source of the clock input is 
one of the mask options that is specified before manufacture 
of the MCU. 


A prescaler option can be applied to the clock input that 
extends the timing interval up to a maximum of 128 counts 
before decrementing the counter. This prescaling mask op- 
tion is also specified before manufacture. 


The timer continues to count past zero, falling through to 
SFF from zero and then continuing 
the count. 
Thus, the 
counter can be read at any time by reading the timer data 
register ITDRI. 
This allows a program to determine the 
length of time since a timer interrupt has occurred and not 
disturb the counting process. 
At power-up or reset, the prescaler and counter are in- 
itialized with all logical ones, the timer interrupt request bit 
(bit 7) is cleared, and the timer interrupt mask bit (bit 61 is 
set. 


SELF-CHECK 


The self-check capability of the MC6805P2 MCU provides 
an internal check to determine if the part is functional. Con- 
nect the MCU as shown in Figure 9 and monitor the output 
of port C bit 3 for an oscillation of approximately 7 Hz. A 
9-volt level on the TIMER input, pin 7, energizes the ROM- 
based self-check feature. The self-check program exercises 
the RAM, ROM, TIMER, interrupts, and I/O ports. 


RESETS 


The MCU can be reset three ways: by initial power-up, by 
the external reset input (RESETI, and by an optional internal 


low voltage detect circuit; see Figure 10. The internal circuit 
connected to the RESET pin consists of a Schmitt trigger 
which senses the RESETline logic level. The Schmitt trigger 
provides an internal reset voltage if it senses a logic "0" on 
the 
RESET pin. 
During 
power-up, 
the 
Schmitt 
trigger 


switches on (removes reset! when the RESET pin voltage 
rises to VIRES + 
When the RESET pin voltage falls to a 


logical "0" 
for a period longer than one tcyc, the Schmitt 


trigger switches off to provide an internal reset voltage. The 
"switch 
off" 
voltage occurs at VIRES _. 
A typical 
reset 
Schmitt trigger hysteresis curve is shown in Figure 11. 


During power-up, a delay of tRHL is needed before allow- 
ing the RESET input to go high. This time allows the internal 
clock generator to stabilize. Connecting a capacitor to the 
RESET input, as shown in Figure 12, typically provides suffi- 
cient delay. See Figure 16 under Interrupts section for the 
complete reset sequence. 


INTERNAL 
CLOCK 
GENERATOR 
OPTIONS 


The internal clock generator circuit is designed to require a 
minimum of external components. 
A crystal, a resistor, a 
Jumper wire, or an external signal may be used to generate a 
system 
clock 
with 
various 
stability/cost 
tradeoffs. 
A 
manufacturing 
mask option is required to select either the 
crystal oscillator or the RC oscillator circuit. The oscillator 
frequency is internally divided by four to produce the internal 
system clocks. 
The different connection methods are shown in Figure 13. 


The crystal specifi~ations and suggested PC board layouts 


INT 
MC6805P2 
PA7 
27 


PA6 
26 
RESET 
28 
RESET 
25 
PA5 
1 


I 


1.0 vF 
PM 
24 


XTAL 
PA3 
23 


PA2 
22 


* 4 
EXTAL 
PAl 
21 


PAO 
20 


+ 10 V 
10k 
TIMER 


PB7 
19 


6 
NUM 
PB6 
18 


VCC 
PB5 
17 


PB4 
16 


5100 
15 
PCO 
PB3 


5100 
PCl 
PB2 
14 


5100 
PC2 
PBl 
13 


5100 
PC3 
PBO 
12 


VCC= 
Pin 3 
Vss=Pin 
1 


* This connection 
depends on the clock oscillator user selectable mask option. 
Use crystal if crystal option is selected. 


• 


• 


are given in Figure 15. A resistor selection graph is given in 
Figure 16. 
The crystal oscillator 
startup 
time is a function 
of many 
variables: crystal parameters (especially RSl, oscillator 
load 


capacitance, Ie parameters, ambient temperature, 
and sup- 


ply voltage. 
To ensure rapid oscillator 
startup, 
neither the 
crystal characteristics 
nor the load capacitance 
should ex- 
ceed recommendations. 


Out 
Of 


Reset 


Part Of 


MC6805P2 
MCU 


I 
I 


0.8 V 


MC6805P2 
4 
EXTAL 
MCU 


ICrystal 
Mask 


OptiOn) 


MC6805P2 


MCU 
(Resistor Mask 
Opt'on) 


Approximately 
25% to 50% 
Accuracy 


Typical 
tcyc= 
1.25 ~s 


External Jumper 


External 
Clock 
Input 


MC6805P2 
EXTAL 
MCU 
(Crystal 
Mask 
Option) 


A 


ISee Figure 
15) 


No 
Connection 


MC6805P2 


EXTAL 
MCU 
(Resistor Mask 
Option) 


External Clock 
Approximately 
10% to 25% 
Accuracy 


External 
Resistor 


(Excludes Resistor Tolerence) 


NOTE: 
The recommended 
CL value with a 4.0 MHz crystal 
IS 27 pF, maximum, 
including system distributed capacitance 
There IS an Internal 
cap;:)citance of approximately 
25 pF on the XTAL 
pin. For crystal frequencies other than 4 MHz, 
the total capacitance 
on each pin 


should be scaled 
as the inverse of the frequency 
ratio. For example, 
with a 2 MHz crystal. use approximately 
50 pF on EXTAL 
and 
approximately 
25 pF on XT Al. 
The exact value depends on the Motional-Arm 
parameters of the crystal used. 


C1 


EXTAL~~XTAL 


4 
~ 
5 


AT 
- 
Cut Parallel Resonance Crystal 
Co~7 pF Max. 
Freq.~40MHz@ 
CL=24pF 
RS= 50ohms Max. 


7.0 


~ 
60 


INTERRUPTS 
The MC6805P2 MCU can be interrupted three different 
ways: through the external interrupt liNT) input pin, the in- 
ternal timer interrupt request, or the software interrupt in- 
struction ISWII. When any interrupt occurs: processing is 
suspended, the present CPU state is pushed onto the stack, 
the interrupt bit 111in the condition code register is set, the 
address of the interrupt routine is obtained from the ap- 
propriate interrupt vector address, and the interrupt routine 
is executed. Stacking the CPU registers, setting the I bit, and 
vector fetching requires a total of 11tcyc periods for comple- 
tion. 


A 
flowchart 
of 
the 
interrupt 
sequence is shown 
in 
Figure 16. The interrupt service routine must end with a 
return from interrupt IRTII instruction which allows the MCU 
to resume processing of the program prior to the interrupt 
Iby unstacking the previous CPU state). Unlike RESET, 


hardware 
interrupts 
do not cause 
the current 
instruction 
ex- 
ecution to be halted, but are considered pending until the 


current 
instruction 
execution 
is complete. 


When 
the 
current 
instruction 
is complete, 
the 
processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 
If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external inter- 
rupt is serviced firs!. The SWI is executed as any other in- 


struction. 
The external interrupt is internally synchronized and then 
latched on the falling edge of INT. A sinusoidal input signal 
IIINT maximum) can be used to generate an external inter- 
rupt, as shown in Figure 17Ia), for use as a zero-crossing 
detector. This allows applications such as servicing time-of- 
day routines and engaging! disengaging ac power control 
devices 
For digital applications, the INT pin can be driven by a 
digital signal. The maximum frequency of a signal that can 
be recognized by the TIMER or INT pin logic IS dependent on 
the 
parameter 
labeled tWL, 
tWH. 
The 
pin 
logic 
that 
recognizes the high lor low) state on the pin must also 


• 


• 


'-II;n 
CCI 


07F- SP 
O-DDRs 
CLR TNT Log'c 


FF- 
Timer 
7F-Prescaler 
7F- 
TCR 


Load PC 
from 


7FE17FF 


ac Input 
(Current 


IfINTMax.)~umiting) 
RS'mO 
2 
INT 


ac Input 
<:!:: 
R 
10 Vacp_p 
0.1-1.0 


pF 


Execute All 


Instruction 
Cycles 


TTL 


Level 
Digital 
Input 


Load PC From 
SWI 
7FC/7FD 
INT 
7FA 17FB 
TIMER 
7FB I7F9 


lJ 


recognize the low (or highl state on the pin in order to "re- 
arm" 
the 
internal 
logic. 
Therefore, 
the 
period 
can 
be 
calculated as follows: (assumes 50/50 duty cycle for a given 
period) 
1 
tcyc x 2+ 250 ns= period = freq 


The period is not simply tWl + tWH. 
This computation 
is 
allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily longer period 1250ns 
twice!. See Figure 171bl. 
A software 
interrupt 
(SWII is an executable instruction 
which is executed regardless of the state of the I bit in the 
condition 
code register. Note that if the I bit is zero SWI 
executes after the other interrupts. SWls are usually used as 
breakpoints for debugging or as system calls. 


INPUT/OUTPUT 


There are 20 input/output 
pins. The INT pin may also be 
polled with branch instructions to provide an additional input 
pin. All pins Iport A, B, and CI are programmable as either 
inputs or outputs under software control of the correspond- 
ing data direction register (DDRI. The port I/O programming 
is accomplished by writing the corresponding bit in the port 
DDR to a logic "1" 
for output or a logic "0" 
for input. On 
reset, all the DDRs are initialized to a logic "0" state to put 
the ports in the·input mode. The port output registers are not 
initialized on reset but may be written to before setting the 
DDR bits to avoid undefined levels. When programmed as 
outputs, 
the latched output data is readable as input data, 


regardless of the logic levels at the output pin due to output 
loading; see Figure 18. When port B is programmed for out- 
puts, it is capable of sinking 10 mA and sourcing 1 mA on 
each pin. 
All input/output 
lines are TTl 
compatible as both inputs 
and outputs. Ports Band C are CMOS compatible as Inputs. 
"art 
A may be made CMOS comoatible as outouts with a 
mask option. The address map in Figure 5 gives the address 
of data registers and DDRs. The register configuration is pro- 
vided in Figure 19 and Figure 20 provides some examples of 
port connections. 


Caution 


The corresponding DDRs for ports A, B, and Care 
write-only registers Iregisters at $004, $005, and $005!. 
A read operation on these registers is undefined. Since 
BSET and BClR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit lall "unaf- 
fected" bits would be setl. It is recommended that all 
DDR bits in a port be written using a single-store in- 


struction. 


The latched output data bit Isee Figure 181may always be 
written. 
Therefore, any write to a port writes all of its data 
bits even though the port DDR is set to input. This may be 
used to initialize the data registers and avoid undefined out- 
puts; however, care must be exercised when using read- 
modify-write 
instructions since the data read corresponds to 
the pin level if the DDR is an input 1"0"1 and corresponds to 
the latched output data when the DDR is an output 1"1"!. 


Data 
Direction 
Register 


Bit* 


Latched 
Output 
Data 
B" 


Data 
Direction 
Output 
Input 


Register 
Data 
Output 
To 


Bit 
Bit 
State 
MCU 
, 
a 
a 
a 


1 
, 
1 
, 
a 
x 
Hi-Z* * 
Pon 


* OOR is a write-only 
register and reads as all "15". 


* * Ports A (with CMOS 
drive disabled), 
B, and C are three state ports. Port A has optional internal pullup devices 
to provide 
CMOS 
drive capability. 
See Electrical 
Characteristics 
tables 
for complete 
information. 


• 


• 


o 
____ 
~I 


Port A Addr = SOOO 
Port B Addr~ 
S001 


Port C Addr = S002 (Bits 0- 
31 


TeA7 - Timer Interrupt Status Bit 
Set when TOR goes 


to zero; must be cleared by software. 
Cleared to 
o by reset. 


TCR6 Bit 6- 
Timer Interrupt 
Mask Blt. 
1= tImer lnter~ 


rupt 
masked 
(disabled). 
Set to 1 by reset. 


TCR B'ts 5, 4, 3, 2,1,0 
read as "1s" 
- 
unused 
bits. 


(11 Wnte 
Only; reads as all "'5" 
121 1= Output; 
0= Input. 
Cleared 
to 0 by reset. 
131 Port A Addr ~ SOO4 
Port 
B Addr = SOO5 
Port C Addr~ 
SOO61Bits 0-31 


o 


LSB 
I SOO6 


PA7 
27 


PA6 
26 


PA5 
25 
PM 
24 


PA3 
23 


PA2 
22 


PAl 
21 


PAO 
20 


Port A, bit 7 and bit 4 programmed 
as output. 


Bit 7 driving CMOS 
loads and bit 4 driving one 


TlL 
load directly using CMOS output option. 


+V 


PB7 
19 


PB6 
18 


PB5 
17 


PB4 
16 
If 
If 


PB3 
15 


PB2 
14 
10mA- 


PBl 
13 


PBO 
12 


Port B, bit 5 programmed 
as output, 
driving 
Darlington·base 
directly. 


+ V 


CMOS 
Inverters 
MC 140491 MCl4069 
(Typicall 


MC74LS04 
or 


MC14069 
(TYPical) 


MC74LS04 
(TYPical) 


CMOS 
and TTL drlvln9 
port 
C directly. 


BIT MANIPULATION 


The MC6805P2 MCU has the ability to set or clear any 


single random access memory or input/output 
bit (except 
the data direction register, see Caution under Input/Output 
section I, with a single instruction IBSET, BClRI. 
Any bit in 


page zero including ROM, except the DDRs, can be tested, 
using the BRSET and BRClR instructions, and the program 
branches as a result of its state. The carry bit equals the 
value of the bit referenced by BRSET or BRCLR. A rotate in- 
struction may then be used to accumulate serial input data in 
a RAM location or register. The capability to work with any 


bit in RAM, ROM, or I/O allows the user to have individual 
flags in RAM or to handle I/O bits as control lines. 


The coding example in Figure 21 illustrates the useiulness 
of the bit manipulation and test instructions. 
Assume that 
the MCU is to communicate with an external serial device. 
The external device has a data ready signal, a data output 
Ime, and a clock line to clock data one bit at a time, lSB firSt, 
out of the device. The MCU waits until the data is ready, 
clocks the external device, picks up the data in the carry flag 
IC bit), clears the clock line, and finally accumulates the data 
bit in a RAM location. 


MCU 


Ready 
-.., 


Serial 


2 p 


DeVice 
Clock 
0 


1 A 


T 


Data 
OA- 


SELF 
BRSET 
2,PORTA,SELF 


BSET 
1 ,PORTA 


BRCLR 
O,PORTA,CONT 


CONT 
BCLR 
1 ,PORTA 


ROR 
RAMLOC 


• 


• 


ADDRESSiNG MODES 


The MC6805P2 MCU has 10 addressing modes which are 
explained briefly in the following paragraphs. For additional 
details and graphical illustrations, refer to the M6805 Family 
User's Manual. 


The term "effective address" (EA) is used in describing the 
address modes. EA is defined as the address from which the 
argument for an instruction is fetched or stored. 


IMMEDIATE 
- 
In the immediate addressing mode, the 
operand is contained in the byte .immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
(e.g., a constant used to initialize a loop counter!. 


DIRECT - 
In the direct addressing mode, the effective ad- 
dress of the argument is contained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 256 bytes in memory with a single 
2-byte instruction. 
This includes the on-chip RAM and I/O 
registers and 12Bbytes of ROM. Direct addressing is an ef- 
fective use of both memory and time. 


EXTENDED - 
In the extended addressing mode, the ef- 
fective address of the argument is contained in the two bytes 
following the opcode. Instructions using extended address- 
ing 
are capable of 
referencing 
arguments 
anywhere 
in 
memory with a single 3-byte instruction. 
When using the 


Motorola 
assembler, 
the 
programmer 
need not 
specify 
whether an instruction uses direct or extended addressing. 
The assembler automatically selects the shortest form of the 


instruction. 


RELATiVE - 
The relative addressing mode is only used in 


branch instructions. 
In relative addressing, the contents of 


the B-bit signed byte following the opcode Ithe offset) is add- 
ed to the PC if and only if the branch condition is true. Other- 
wise, control proceeds to the next instruction. 
The span of 
relative addressing is from -126 
to + 129 from the opcode 


address. The programmer need not worry about calculating 
the correct offset when using the Motorola assembler since 
it calculates the proper offset and checks to see if it is within 
the span of the branch. 


INDEXED, NO OFFSET - 
In the indexed, no offset ad- 


dressing mode, the effective address of the argument is con- 
tained in the B-bit index register. Thus, this addressing mode 
can access the first 256 memory locations. These instruc- 
tions are only one byte long. This mode is often used to 
move a pointer through a table or to hold the address of a 
frequently referenced RAM or I/O location. 


INDEXED, 8-BiT OFFSET - 
In the indexed, B-bit offset 


addressing mode, the effective address is the sum of the 
contents of the unsigned B-bit index register and the unsign- 
ed byte following 
the opcode. 
This addressing mode is 
useful in selecting the kth element in an n element table. 
With this 2-byte instruction, 
k would typically be in X with 


the address of the beginning of the table in the instruction. 
As SUCh,tables may begin anywhere within the first 256 ad- 
dressable locations and could extend as far as location 510 
($1FEis the last location at which the instruction may beginl. 


INDEXED, 16-BIT OFFSET - 
In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned B-bit index register and the two un- 
signed bytes following 
the opcode. This addressing mode 
can be used in a manner similar to indexed, 8-bit offset, ex- 
cept that this 3-byte instruction allows tables to be anywhere 
in memory. 
As with 
direct and extended addressing, the 
Motorola assembler determines the shortest form of indexed 
addressing. 


BIT SET/CLEAR - 
In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and the byte 
following the opcode specifies the direct address of the byte 
in which the specified bit is to be set or cleared. Thus, any 
read/write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single 2-byte in- 
struction. 
See Caution under the Input/Output 
section. 


BIT TEST AND BRANCH - 
The bit test and branch ad- 


dressing mode is a combination 
of direct addressing and 


relative addressing. The bit and condition Iset or clear) which 
is to be tested is included in the opcode, an~ the address of 
the byte to be tested is in the single byte immediately follow- 
ing the opcode byte. The signed relative 8-bit offset is in the 
third byte and is added to the value of the PC if the branch 
condition 
is true. This single 3-byte instruction 
allows the 
program to branch based on the condition of any readable 
bit in the first 256 locations of memory. The span of bran- 
ching is from - 125 to + 130 from the opcode address. The 
state of the tested bit is also transferred to the carry bit of the 
condition code register. See Caution under the Input/Output 


section. 


INHERENT - 
In the inherent addressing mode, all the in- 


formation necessary to execute the instruction is contained 
in the opcode. Operations specifying only the index register 
or accumulator, as well as control instruction with no other 
arguments, are included in this mode. These instructions are 
one byte long. 


iNSTRUCTION SET 


The MC6805P2 MCU has a set of 59 basic instructions, 
which when combined with the 10 addressing modes pro- 
duce 207 usable opcodes. They can be divided into five dif- 
ferent types: register/memory, 
read-modify-write, 
branch, 
bit manipulation, 
and control. 
The following 
paragraphs 


briefly explain each type. All the instructions within a given 
type are presented in individual tables. 


REGiSTER/MEMORY 
INSTRUCTIONS - 
Most of these 
instructions use two operands. One operand is either the ac- 
cumulator or the index register. The other operand is obtain- 
ed from memory using one of the addressing modes. The 
jump unconditional (JMPI and jump to subroutine IJSRI in- 
structions have no register operands. Refer to Table 1 


READ-MODiFY-WRITE 
INSTRUCTIONS 
- 
These in- 
structions read a memory location or a register, modify or 
test its contents, 
and write 
the modified 
value back to 


memory or to the register Isee Caution under Input/Output 
section). The test for negative or zero lTST) instruction is in- 
cluded in read-modify-write 
instructions though it does not 
perform the write. Refer to Table 2. 


BRANCH 
INSTRUCTIONS 
- 
The branch 
instructions 
cause a branch from the program when a certain condition 
is 
met. Refer to Table 3. 


BIT MANIPULATION 
INSTRUCTIONS 
- 
These instruc- 
tions are used on any bit in the first 256 bytes of the memory 
(see Caution under Input/Output 
section). 
One group either 
sets or clears. The other group performs the bit test branch 
operations. 
Refer to Table 4. 


CONTROL 
INSTRUCTIONS 
- 
The control 
instructions 
control 
the 
MCU 
operations 
during 
program 
execution. 
Refer to Table 5. 


ALPHABETICAL 
LISTING - 
The complete instruction 
set 
is given in alphabetical 
order in Table 6. 


• 


• 


Addressing 
Modes 


Indeked 
Indexed 
Indexed 


Immediate 
DIrect 
Extended 
(No 
Offset) 
18-Btt 
Offset) 
f16·B,t 
Offset) 


Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
OP 
• 
• 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load 
A from 
Memory 
LDA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
D6 
3 
6 


Load 
X from 
Memory 
LDX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DF 
3 
6 


StOre A In Memory 
STA 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
D7 
3 
7 


Store 
X In Memory 
STX 
- 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
FF 
2 
6 
DF 
3 
7 


Add Memory 
10 A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add 
Memory 
and 


Carry 
to A 
ADC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
D9 
3 
6 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 


Subtraci 
Memory 
from 


A wllh 
Borrow 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
D2 
3 
6 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
D4 
3 
6 


OR Memory 
wllh 
A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
DA 
3 
6 


E.cluslve 
OR Memory 


wIth 
A 
EOR 
AB 
2 
2 
BB 
2 
4 
C8 
3 
5 
F8 
1 
4 
E8 
2 
5 
D8 
3 
6 


Arlthmellc 
Compare 
A 
wllh Memory 
CMP 
A1 
2 
2 
B1 
2 
4 
C1 
3 
5 
F1 
1 
4 
El 
2 
5 
D1 
3 
6 


Arllhmetlc 
Compare 
X 


with 
Memory 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
D3 
3 
6 


Bll Test Memory 
with 


A (Logical 
Compare) 
BIT 
A5 
2 
·2 
B5 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
D5 
3 
6 


Jump 
UnconditIonal 
JMP 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 
to Subroutine 
JSR 
BD 
2 
7 
CD 
3 
8 
Fa 
1 
7 
ED 
2 
8 
DD 
3 
9 


Addressing 
Modes 


Indexed 
Indexed 
Inherent 
(A) 
Inherent 
(X) 
Direct 
(No 
Offset) 
(8 
Bit 
Offset) 


Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Incremenl 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Oecremenl 
DEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


(2"s Complemenll 
NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 


Rotate 
Lef! Thru 
Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate 
RIghI Thru Carry 
ROR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


LogIcal 
Shdt 
Left 
LSL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


LogIcal 
ShIft 
RIght 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


ArlthmellC 
Shlfl 
RIght 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Tesl 
for NegatIve 


or Zero 
TST 
4D 
1 
4 
5D 
1 
4 
3D 
2 
6 
7D 
1 
6 
6D 
2 
7 


Relative 
Addressing 
Mode 


Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 


Branch 
Always 
BRA 
20 
2 
4 


Branch 
Never 
BRN 
21 
2 
4 


Branch IFFHrgher 
BHI 
22 
2 
4 


Branch IFF Lower 
or Same 
BlS 
23 
2 
4 


Branch IFF Carry 
Clear 
BCC 
24 
2 
4 


(BranchlFFHrgher 
or Same) 
IBHSI 
24 
2 
4 


Branch IFF Carry 
Set 
BCS 
25 
2 
4 


IBranch 
IFF lower! 
IBlO) 
25 
2 
4 


Branch IFF Not Equal 
BNE 
26 
2 
4 


Branch 
IFF Equal 
BEG 
27 
2 
4 


Branch 
IFF Half Carry Clear 
BHCC 
28 
2 
4 


Branch IFF Half Carry Set 
BHCS 
29 
2 
4 


Branch 
IFF Plus 
BPl 
2A 
2 
4 


Branch 
IFF MInus 
BMI 
2B 
2 
4 


Branch IFF Interupt 
Mask 
Bit rs Clear 
BMC 
2C 
2 
4 


Branch IFF Interrupt 
Mask 
Brt rS Set 
BMS 
20 
2 
4 


Branch IFF Interrupt 
LIne 
rs Low 
Bil 
2E 
2 
4 


Branch IFF Interrupt 
Lme 
IS Hrgh 
BIH 
2F 
2 
4 


Branch 
to Subroutme 
BSR 
AO 
2 
8 
II 


Addressing 
Modes 


Bit Set/Clear 
Bit Test 
and 
Branch 


Op 
# 
# 
Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch 
IFF Bit n rs set 
8RSET 
n In - 0 
..71 
- 
- 
- 
2.n 
3 
10 


Branch 
IFF Bit n rs clear 
BRClR 
n In - 0 
71 
- 
- 
- 
01 
+ 2. n 
3 
10 


Set Bit n 
BSET n (n - 0 
71 
10 
+ 2. 
n 
2 
7 
- 
- 
- 


Clear 
brt n 
8ClR 
n In 
0 0 
71 
11 
+ 2. n 
2 
7 
- 
- 
- 


Inherent 
Op 
# 
# 
Function 
Mnemonic 
Code 
Bytes 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
2 


Transfer 
X to A 
TXA 
9F 
1 
2 


Set Carry Brt 
SEC 
99 
1 
2 


Clear 
Carry 
Bit 
ClC 
98 
1 
2 


Set Interrupt 
Mask 
Brt 
SEI 
98 
1 
2 


Clear 
Interrupt 
Mask 
Brt 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return 
from Subroutrne 
RTS 
81 
1 
6 


Return 
from 
Interrupt 
RTI 
80 
1 
9 


Reset 
Stack 
POinter 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
1 
2 


• 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 


Indexed 
Indexed 
Indexed 
Set/ 
Test 
& 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(8 Bits) 
(16 
Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
" • " " " 
ADD 
X 
X 
X 
X 
X 
X 
" • " " " 
AND 
X 
X 
X 
X 
X 
X 
• • " " • 


ASl 
X 
X 
X 
X 
• • " " " 
ASR 
X 
X 
·X 
X 
• • " " " 
BCC 
X 
• • • • • 
BClR 
X 
• • • • • 
BCS 
X 
• • • • • 


BEO 
X 
• • • • • 


8HCC 
X 
• • • • • 


BHCS 
X 
• • • • • 


BHI 
X 
• • • • • 


BHS 
X 
• • • • • 


BIH 
X 
• • • • • 


Bil 
X 
• • • • • 


BIT 
X 
X 
X 
X 
X 
X 
• • " " • 


BlO 
X 
• • • • • 


BlS 
X 
• • • • • 


BMC 
X 
• • • • • 


BMI 
X 
• • • • • 


BMS 
X 
• • • • • 


BNE 
X 
• • • • • 


BPl 
X 
• • • • • 


BRA 
X 
• • • • • 


BRN 
X 
• • • • • 


BRClR 
X 
• • • • " 
BRSET 
X 
• • • • " 
BSET 
X 
• • • • • 


BSR 
X 
• • • • • 


Cll 
X 
• • • • 
0 


CLI 
X 
• 0 • • • 


ClR 
X 
X 
X 
X 
• • 0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • " " " 
COM 
X 
X 
X 
X 
• • " " 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • " " " 
DEC 
X 
X 
X 
X 
• • " " • 


EOR 
X 
X 
X 
X 
X 
X 
• • " " • 


INC 
X 
X 
X 
X 
• • " " • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 


lDA 
X 
X 
X 
X 
X 
X 
• • " " • 


lDX 
X 
X 
X 
X 
X 
X 
• • " " • 


lSl 
X 
X 
X 
X 
• • " " " 
lSR 
X 
X 
X 
X 
• • 0 " " 
NEO 
X 
X 
X 
X 
• • " " " 
NOP 
X 
• • • • • 


ORA 
X 
X 
X 
X 
X 
X 
• • " " • 
ROl 
X 
X 
X 
X 
• • " " " 
RSP 
X 
• • • • • 


Condition 
Code Symbols: 
H 
Half Carry (From 
Bit 31 
I 
Interrupt Mask 
N 
Negative 
(Sign 
Bitl 
Z 
Zero 


C 
Carry/Borrow 


1\ 
Test and Set if True, Cleared Otherwise 


• 
Not AHeeted 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Setl 
Test 
& 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(B Bits) 
(16 
Bitsl 
Clear 
Branch 
H 
I 
N 
Z 
C 


RTI 
X 
? 
) 
? 
? 
? 


RTS 
X 
• • • • • 


SBC 
X 
X 
X 
X 
X 
X 
• • /I 
/I 
/I 


SEC 
X 
• • • • 
1 


SEI 
X 
• , • • • 
STA 
X 
X 
X 
X 
X 
• • /I 
/I • 


STX 
X 
X 
X 
X 
X 
• • /I 
/I • 


SUB 
X 
X 
X 
X 
X 
X 
• • /I 
/I 
/I 


SWI 
X 
• 
1 • • • 
TAX 
X 
• • • • • 
TST 
X 
X 
X 
X 
• • /I 
/I • 
TXA 
X 
• • • • • 


Condition 
Code Symbols: 
H 
Half Carry I From Bit 31 
I 
Interrupt 
Mask 
N 
Negative 
(Sign Bitl 
Z 
Zero 


C 
Carry/ Borrow 


/\ 
Test and Set jf True, 
Cleared Otherwise 


• 
Not Affected 


? 
Load CC Register From Stack 
• 


• 


B~ 
M.I I\ioutMion 
Br.nch 
Rood-ModIlv-Write 
Control 
Reailter I Memofv 
I 
, 
I 
I 
1 


~; 
~ 
~, 
,;,. 
,J" 
.;',., 
,,~, .~. .,'" 
,:.. 
,~, 
A 


1~1 
,~ 
'~1 
l1~O 
~Low 
1010 
1111 


In 
'BRSEJf. 
I,BSE1~ 
BRA 
NEG 
nlR 
NEG 
• 
NEG 
NEG 
I' 
NEG 
I' 
RTI 
SU? •.••.• 
, 
SUBDIR 
SU~x, 
'SUB 
SUBpn 
SUB 
,. 
:;." 


R" 
, 
'NH , 
'NH 
'XI , 
'x 
1 
INH 
13 
X 
I 
10 
, 
4 
6 
2 
4 
, 
6 
, 
4 


ai" 
BRCL~,O 
BCL~~c 
BR~~, 
RTS 
CMP 
2 
CMP 
CM~XT 
3 
CMP 
CMP 
CMP 
1 
, 
'NH 
2 
IMM 
O'R 
'x, 
'XI 
, 
IX 
000' 


'BRSEJ,' 
4 
4 
I' 
SBC 
• 
SBC 
2 
I , BSE1~c 
BHI", 
SBC 
':I 
SBCnlR 
SBC 
SBC 
2 


00'0 
,...... 
EXT 
3 
'X, , 
'XI 
, 
'X 
00'0 


'BRCL:,' 


4 
6 
4 
4 
7 
6 
" 
2 
4 
o 
CPX 
1 
4 


CPX 
,J" 
BCL~~r 
BLSR" 
COM.'R 
COMA 
COM X 
COM 
COM 
SWI 
CPX 
CPX 
CPX 
CPX 
ri" 
, 
'NH 
1 
jNH 
'X, 
, 
'X 
, 
'NH 
,...... , 
O'R 
3 
EX' 
3 
IX 
'X, , 
'X 


'~RSEJI 


4 
6 
4 
4 
1 
6 
· 
I' AND 


4 


,,'In 
BSE1t 
BCCR" 
LSR 
OTR 


LSRA 
LSRX 
LSR 
LSR 
AND 
ANO 


U1H 
AN~)(l 
AND 
AND 


n~ 
I 
'NH , 
'NH 
'x, 
, 
'x 
,...... 
' 
'x 
'x, 
, 
'x 


'BRCLN 
. 
2 
4 
, 
BIT 
4 
5 
BCL~~r 
BCSR" 
BI~t..4t..4 
? 
BIT nlR 
81T 
FX1 
BIT 'x, 
, 
BIT 
'x 
n1~' 


" 
, 
I" 


'~RSE:,J 
. 
6 
. 
· 


1 
6 
, 
· 


6 
4 


~o 
BSE1~c 
BNEw 
RORD'R 
1 ROA~H 
1 ROR~NH 
ROR 
ROR 
LDA 
, 
LDAD'R 
LO~XT 
LDA 
LDA 
LDA 
o~ 
'X, 
I 
'X 
,...... 
3 
IX 
'XI 
, 
IX 


'BRCL:,J 


4 
6 
. 
· 


1 
6 
, 


: 
STAn'R 
' 
STA 
7 
BCL~~r 
BEO 
ASR 


nlR 
ASRA 
ASRX 
ASR 
ASR 
TAX 
ST~)(T 
, 
STA 
STA 
0,71\ 
'" 


..!!ll 
I 
'NH , 
'NH 
'X, , 
'X 
I 
INH 
IX 
IXI , 
'X 


'~RSE::, 
4 
4 
4 
6 
, 
4 
o 
EOR 
4 
,~ 
BSE1~c 
BHC~H 
lSlOlR 
LSLA 
LSLX 
LSL 
LSL 
CLC 
IN 
_ 
EO~MM 
, 
EOR.'R 
EOR", 
EOR 
EOR 
,~ 
, 
'NH , 
'NH 
'X, 
I 
'X 
1 
'X 
'Xl 
1 
'X 
, 
4 
6 
4 
4 
J 
6 
, 
, 
4 
, 
ADC 
4 
9 
BRCL~: 
BCL~~c 
BHC~" 
AOl 


O1R 


ROLA 
ROLX 
ROL 
ROL 
SEC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 


1(X)I 
, 
'NH , 
'NH 
'x, 
1 
'X 
, 
'NH , 
,...... 
2 
O'R 
3 
EX' 
3 
'X, , 
'Xl 
1 
'X 
'001 


'BRSEJi 
4 
6 
4 
4 
1 
6 
• 
ORA 
' 
ORA 
• 
ORA 


l~n 
BSE1~r 
BPL 


RF1 
DEC 
n1R 
DECA 
DECX 
DEC 
DEC 
CLI 
ORA 
ORA 
ORA 
A 
, 
'NH , 
'NH , 
'x, 
, 
'x 
, 
'NH , 
,...... 
2 
O'R 
3 
EX' 
3 
'x , 
'X, 
I 
'X 
1010 
, 
4 
'ADD 
B 
BRCL~i 
BCL~~c 
BMI 
RH 
SE' 
ADD 
} ADD.'R 
AD~XT 
ADD 
ADD 
B 
,,, 
, 
'NH 
,...... 
3 
3 
'X, , 
'X, 
1 
'X 
1011 


'BRSEJf 


4 
4 
1 
6 
3 
JMP 
4 
, 
JMP 
J 
JMP 
,fm 
BSE1~c 
BM~I'I 
INCnlR 
INCA 
INCX 
INC 
INC 
RSP 
JMP 
JMP 
C 
, 
'NH , 
'NH 
'x, 
1 
'X 
, 
'NH 
2 
DIR 
3 
EXT 
3 
'X, , 
'X, 
, 
'X 
"00 
, 
4 
4 
6 
, 
I' 
BSR 
' 
JSR 
' 
JSR 
' 
JSR 
D 
BRCL~,6, 
BCL~~r 
BM~" 
TSTDIR 
TSTA 
TSTX 
TST 
TST 
NOP 
JSAj:XT 
JSR 
D 
", 
, 
'NH , 
'NH 
'X, , 
'X 
, 
'NH 
R'l 
2 
DIR 
3 
3 
'x , 
,X, , 
'X 
1101 
, 
1 
4 
o 
LDX 
l1~n 
BRSEJ!. 
BSE1~c 
BllR1'1 
I, LDX 
LDX 
LOX£Xl 
LDX 
LDX 
E 
I•.••.• , 
OIR 
3 
3 
'X 
'X, 
, 
'X 
1110 
, 
4 
4 
4 
1 
6 
, 
STX 
' 
STX 
' 
STX 
' 
STX 
F 
BRCLR7 
BCLR7 
BIH 
CLR 
CLRA 
CLRX 
CLR 
CLR 
TXA 
STX 
F 


11\1 
3 
'" , 
,sc , 
REI , 
O'R 
I 
INH , 
'NH 
2 
IX' , 
'X 
, 
'NH 
, 
O'R 
3 
EX' 
3 
'X, , 
IX' 
, 
'X 
1111 


Inherent 
Immediata 
Direct 
Extanded 
Aelative 
Bit 5et/ Clear 
Bit Test and Branch 
Indexed 
INo Offset) 
Indexed. 
1 Byte IB-Bit} 
Offset 
Indexed. 
2 Byte {l6-Bill 
Offset 


I of Cycles 


Mnemonic 


Bytes 


ORDERING 
INFORMATION 


The information required when ordering a custom MCU is 


listed below. 
The ROM program may be transmitted 
to 


Motorola on EPROM(s! or an MOOS disk file. 
To initiate a ROM pattern for the MCU it is necessary to 
first contact your local Motorola representative or Motorola 
distributor. 


EPROMs 


The MC68705P3 EPROM MCU programmed 
with 
the 
customer program may be used to submit the ROM pattern. 
Note that while the MC6805P2 has 1.1K Bytes of ROM, the 
MC68705P3 contains 1.8K of EPROM memory. 
The MCM2716 or MCM2532 type EPROMs, programmed 
with the customer program (positive logic sense for address 
and data), may be submitted for pattern generation. The 
EPROM must be clearly marked to indicate which EPROM 
corresponds to which 
address space. The recommended 
marking procedure is illustrated below: 


xxx = Customer 
ID 


After the EPROM{s) are marked, they should be placed in 


conductive 
IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All onginal pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A com- 


puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly 
checked and the verification 
form completed, 
signed, and returned to Motorola. 
The signed verification 


form constitutes the contractual agreement for creation of 
the customer mask. If desired, Motorola will program on 
blank EPROM from the data file used to create the custom 
mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will be 
sent for program verification. 
These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by Motorola 
Quality Assurance and 
should be discarded after verification is completed. 


FLEXIBLE DISKS 
The disk media submitted must be single-sided, single- 
density, 8-inch, MOOS compatible floppies. The customer 
must write the binary file name on the disk with a felt-tip 
pen. The minimum MOOS system files as well as the ab- 
solute binary object file (filename LOtype of file! from the 
M6805 cross assembler must be on the disk. An object file 
made from a memory dump using the ROLLOUT command 
is also acceptable. Consider submitting a source listing as 
well as the following files: filename, LX (EXORciser loadable 
format! and filename, SA (ASCII Source Code). These files 
will of course be kept confidential and are used 11to speed 
up the process in-house if any problems arise, and 2) to 
speed up the user-to-factory interface if the user finds any 
software errors and needs assistance quickly from Motorola 
factory representatives. 


MOOS is Motorola's 
Disk Operating system available on 


development systems such as EXORciser, EXORset, etc. 


Internal Clock 


Package 
Type 
Frequency 
(MHz) 
Temperature 
Generic 
Number 


Ceramic 
1.0 
O'C 
to 70'C 
MC6805P2L 
L SuffiX 
15 
O'C 
to 70'C 
MC68A05P2L 
20 
O'C 
to 70'C 
MC68B05P2L 


Plastic 
10 
aoc to lOoe 
MC6805P2P 


P SuffiX 
I 5 
aoc 
to 700e 
MC68A05P2P 
20 
O'C 
to 70'C 
MC68B05P2P 


Cerdlp 
10 
O'C 
to 70°C 
MC6805P2S 


S 
SuffiX 
1 5 
O°C to 70"C 
MC68A05P2S 
20 
O°C to 70"C 
MC68B05P2S 


II 


II 


MC 
_ 


Address 
_ 


SC 
_ 


OPTION LIST 


Select the options for your MCU from the following 
list. A 


manufacturing 
mask V\iillbe generated from this information. 


Timer Clock Source 
o Internal </>2clock 
o 
TIMER input pin 


Interna·1Oscillator Input 
o Crystal 
o Resistor 


Timer Prescaler 
o 2" (divide by 1) 
o 2' (divide by 21 
o 2' (divide by 41 
o 2' (divide by 81 
o 2' (divide by 16) 
o 2' (divide by 32) 
o 2' (divide by 64) 
o 2' Idivide by 1281 


Low Voltage Inhibit 
o Disable 
o Enable 


Port A Output Drive 
o CMOS and TTL 
o TTL Only 


Pattern Media (All other medIa requires prior factory approval.) 
o 
EPROMs IMCM2716 or MCM25321 
o EPROM MCU (MC68705P31 
o 
Floppy Disk 


o 
Other 


® MOTOROLA 


The 
MC6805P4 
Microcomputer 
Unit 
IMCUI 
is a member 
of 
the 
M6805 
Family 
of 
low-cost 
single-chip 
microcomputers. 
This 
8-bit 


microcomputer 
contains a CPU, on-chip CLOCK, ROM, RAM, I/O, and 


TIMER. It is designed for the user who needs an economical microcom- 
puter with 
the proven capabilities 
of the M6800-based instruction 
set. 


The following 
are some of the hardware and software 
highlights 
of the 
MC6805P4 MCU. 


HARDWARE 
FEATURES 


• 
8-Bit Architecture 


• 
112 Bytes of Standby 
RAM 


• 
Standby 
RAM Power Pin 


• 
Memory 
Mapped I/O 


• 
1100 Bytes of User ROM 


• 
20 TTLICMOS 
Compatible 
Bidirectional 
I/O 
Lines 18 Lines are 
LED Compatible) 


• 
On-Chip Clock Generator 


• 
Self-Check 
Mode 


• 
Zero-Crossing 
Detection 


• 
Master Reset 


• 
Complete 
Development 
System Support 
on EXORciser 


• 
5 V Single Supply 


SOFTWARE 
FEATURES 


• 
Similar to M6800 Family 


• 
Byte Efficient 
Instruction 
Set 


• 
Easy to Program 


• 
True Bit Manipulation 


• 
Bit Test and Branch Instructions 


• 
Versatile Interrupt 
Handling 


• 
Versatile Index Register 


• 
Powerful 
Indexed Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory 
Usable as Register/Flags 


• 
Single Instruction 
Memory 
Examine/Change 


• 
10 Powerful 
Addressing 
Modes 


• 
All Addressing 
Modes Apply to ROM, RAM, and I/O 


USER SELECTABLE OPTIONS 


• 
Standby 
RAM Size is Mask Programmable 


• 
Internal B-Bit Timer with Selectable Clock Source IExternal Timer 
Input or Internal Machine Clock) 


• 
Timer Prescaler Option (7 Bits, 2n) 


• 
B Bidirectional 
I/O Lines with TTL or TTLICMOS 
Interface Option 


• 
Crystal or Low-Cost 
Resistor Oscillator Option 


• 
Low Voltage Inhibit Option 


• 
Vectored 
Interrupts: 
Timer, Software, 
and External 
• 
Open Drain Port Option on Ports Band 
C 


(HIGH 
DENSITY 


N·CHANNEl. 
SILICON-GATE 


DEPLETION 
LOAD) 


8-BIT 
MICROCOMPUTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
719 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
710 


PIN ASSIGNMENT 


VSS 
RESET 


iNT 
2 
PA7 


VCC 
3 
PA6 


EXTAL 
PA5 


XTAL 
24 
PA4 


VSB 
PA3 


TIMER 
PA2 


PCO 
PAl 


PCl 
PAO 


PC2 
PB7 


PC3 
11 
PB6 


PBO 
12 
PB5 


PBl 
13 
PB4 


PB2 
14 
15 
PB3 


II 


FIGURE1 - 
MC6805P4HMOS MICROCOMPUTERBLOCK DIAGRAM 


XTAl 
EXTAl 
RESET 
iN'f 


VCC- 
VSS_ 


PAO 
PAl 
Port 
PA2 


A 
PA3 
1/0 
PA4 
Lines 
PAS 
PA6 
PA7 


Port 
Data 
A 
OIL 
Reg. 
Reg 


Accumulator 
PBO 
PBl 
8 
A 
CPU 
PB2 Port 
Data 
Port 
PB3 
B 
Index 
Control 
Oir. 
B 
PB4 
1/0 
8 


Register 
X 
Reg 
Reg. 
m lines 


Condition 
PB7 
Code 


5 
Register 
CC 


1100 x 8 
User ROM 


116 x 8 Self- 
Check ROM 


Stack 


5 
Pointer 
SP 


Program 


Counter 
High 
PCH 


Program 


Counter 
8 
low 
PCl 


Data 
Port 
Dir. 
C 


Reg. 
Reg 


PCO Port 
PCl 
C 


PC2 I/O 
PC3 Lines 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-03 
to + 70 
V 


Input Voltage (Except TIMER In Self-Check Model 
Vin 
-03 
to + 7 0 
V 


Operating 
Temperature 
Range 
TA 
o to 70 
'c 


Storage Temperature 
Range 
Tstg 
-55to+l50 
C 


Junction 
Temperature 


Plastic 
150 
Ceramic 
TJ 
175 
'c 


Cerdlp 
175 


This 
device 
contains 
circuitry 
to 
protect 
the 
in- 


puts 
against 
damage 
due 
to 
hIgh 
static 
voltages 
or electrlcal fields, however, 
It IS advised that 


normal 
precautions 
be 
taken 
to avoid 
application 


of 
any 
voltage 
higher 
than 
maximum 
rated 


voltages 
to 
thiS 
high-Impedance 
Circuit 
For 
pro· 


per operation 
It 
IS recommended 
that Vln and 
Vout 
be constrained 
to the range VSSslVm 
or 


Vout) sVCC 
Reliability of operation 
IS enchanc~ 
ed If unused Inputs except EXT AL are tied to an 
appropriate 
logic voltage level (e.g. 
either VSS 
or VCCI 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
Plastic 
9JA 
72 
'C/W 
Ceramic 
50 


Cerdlp 
60 


The average chip-junction 
temperature, 
TJ, In 'c 
can be obtained from: 


TJ=TA+IPDoOJAI 
111 
Where: 


TA - Ambient 
Temperature. 
°c 
0JA- 
Package Thermal Resistance, Junctlon-to-Ambient, 
'C/W 


PD - PINT + PPORT 
PINT-ICC 
x VCC. Watts 
- 
Chip Internal Power 
PPORT - Port Power Dissipation. 
Watts 
- 
User Determined 


For most applications 
PPORT<l PINT and can be neglected_ PPORT may become significant 
If the device IS configured 
to 
drive Darlington 
bases or sink lED loads. 


An approximate 
relationship 
between PD and TJ lif PPORT is neglected) IS: 


PD = K + ITJ + 273°C) 
121 
Solving equations 
1 and 2 for K gives: 


K = PDolT A + 273'C) + OJAoPD2 
131 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring PD lat equilibrium 1 
for a known TA. Using this value of K the values of PD and TJ can be obtained by solving equations (1) and 121iteratively for any 
value of TA- 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator Frequency 
fosc 
04 
- 
42 
MHz 


Cycle TIme l4/foscJ 
tcyc 
0.95 
- 
10 
~s 


INT and TIMER 
Pulse Width 
ISee Interrupt 
Seetionl 
tWL,tWH 
teye + 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
teye + 250 
- 
- 
ns 


RESET Delay Time (External Capacltance= 
1.0 p.Fl 
tRHL 
- 
100 
- 
ms 


INT Zero Crossing Detection 
Input Frequency 
tiNT 
003 
- 
10 
kHz 


External 
Clock 
Input 
Duty 
Cycle I EXT All 
- 
40 
50 
60 
% 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 


RESET 1475"VCC,,5.751 
40 
- 
Vcc 
IVCC<4751 
Vcc-05 
- 
Vcc 
INT 1475"VCC,,5751 
VIH 
40 
· 


VCC 
V 


IVCC<4.751 
Vcc 
- 0.5 · 
Vcc 
All Other 
20 
- 
VCC 


Input High Voltage 
Timer 
Timer Mode 
VIH 
20 
- 
VCC+ 
1 
V 


Self-Check 
Mode 
- 
10.0 
15.0 


Input Low Voltage 
RESET 
VSS 
- 
08 
INT 
VIL 
VSS 
· 


15 
V 


All Other 
VSS 
- 
08 


RESET HysteresIs 
Voltage 
ISee Figures 
10, 11, and 121 
"Out of Reset" 
VIRES + 
21 
- 
40 
V 


"Into 
Reset" 
VIRES - 
0.8 
- 
2.0 


INT Zero-Crossing 
Input Voltage, 
Through a Capacitor 
VI NT 
2.0 
- 
4.0 
Vae 
0-0 


Internal Power Dissipation-No 
Port Loading VCC=5.75 
V, TA~O'C 
PINT 
- 
400 
TBD 
mW 


Input Capacitance 
XTAL 
Cin 
- 
25 
- 
pF 
All Other 
- 
10 
- 


Low Voltage 
Recover 
VLVR 
- 
- 
475 
V 


Low Voltage Inhibit 
O°C to 70°C 
VLVI 
275 
35 
- 
V 


- 40'C 
to 8O'C 
31 
3.5 
- 


Input Current 


TIMER 
IVin~04 
VI 
- 
- 
20 
INT IV,n=24 
V to VCCI 
- 
20 
50 
EXTAL 
IVin~04 
V, Crystal 
Optionl 
lin 
- 
- 
10 
~A 


__ 
IVm=04 
V, Crystal 
Optlonl 
- 
- 
-1600 
RESET IVin~0.8 
VI 
-4.0 
- 
-40 
l External Capacitor 
Charging Current) 


II 


II 


Characteristic 
I Symbol 
I 
Min 
I Typ 
Max 
I 
Unit 


Port A with 
CMOS 
Drive Enabled 


Output 
Low 
Voltage, 
ILoad= 
1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage, 
ILoad = -100 
~A 
VOH 
2.4 
- 
- 
V 


Output 
High Voltage, 
ILoad= 
-10 
~A 
VOH 
VCC-l 
- 
- 
V 


Input 
High Voltage, 
ILoad~ 
-300 
~A Imaxl 
VIH 
20 
- 
VCC 
V 


Input 
Low Voltage, 
ILoad= 
- 500 ~A Imax} 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State 
Input 
Current 
IVin~ 
2.0 V to VCCI 
II~ 
- 
- 
-300 
.A 


Hi-Z State 
Input 
Current 
IVin~O.4 
VI 
IlL 
- 
- 
-500 
~A 


Port 
B 


Output 
Low 
Voltage, 
ILoad-3.2 
mA 
VOL 
- 
- 
0.4 
V 


Output 
Low Voltage, 
ILoad-lO 
mA 
(sink) 
VOL 
- 
- 
1.0 
V 


Output 
High Voltage, 
'Load= 
-200 
~A 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), 
Vo= 
1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input 
High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input 
Low 
Voltage 
VIL 
VSS 
- 
08 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
10 
~A 


Port C and Port A with 
CMOS 
Drive 
Disabled 


Output 
Low Voltage, 
ILoad-1.6 
mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage, 
ILoad - 
-100 
~A 
VOH 
2.4 
- 
- 
V 


Input 
High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input 
Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
10 
~A 


Port B and Port C with 
Open-Drain 
Option 


Output 
High Voltage 
I 
VOH 
I 
2.4 
- 
130 
V 


Hi-Z State Input Current 
I 
ITS I 
I 
- 
- 
20 
~A 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Standby 
Current 
8 Bytes 
- 
1.0 
TBD 
32 Bytes 
ISB 
- 
2.2 
TBD 
mA 


64 Bytes 
- 
3.4 
TBD 


112 Bytes 
- 
5.2 
TBD 


RAM 
Standby 
Voltage 
V<:R 
30 
5.25 
5.75 
V 


VCC Turn-off 
Rate 
VCCTO 
- 
- 
1/100 
V/~s 


TestPolnt~ 
130 pF 1T0taii 


SIGNAL DESCRIPTION 


The input and output signals for the MCU are described in 
the following 
paragraphs. 


VCC,VSS 
Power is supplied to the MCU using these two pins. VCC 
is power and VSS is the ground connection. 


VSB 
This pin supplies the standby 
RAM voltage. 
In order to 
allow orderly transition 
into the standby mode, the turn-off 


rate of VCC must not exceed 1 volt per 100 #,s. 


INT 


This pin provides the capability for asynchronously 
apply- 
ing an external interrupt to the MCU. Refer to Interrupts sec- 
tion for additional 
information. 


XTAl 
AND EXTAl 


These 
pins 
provide 
connections 
to 
the 
on-chip 
clock 


oscillator 
circuit. 
A crystal, a resistor, or an external signal, 
depending 
on the user selectable manufacturing 
mask op- 
tion, 
can be connected 
to these pins to provide a system 
clock 
source 
with 
various 
stabilitylcost 
tradeoffs. 
lead 
lengths and stray capacitance 
on these two pins should be 
minimized. 
Refer to Internal Clock Generator Options section 


for recommendations 
about these inputs. 


TIMER 


This pin allows an external input to be used to decrement 
the internal timer circuitry. 
Refer to Timer section for addi- 
tional information 
about the timer circuitry. 


RESET 


This pin allows resetting of the MCU at times other than 
the automatic 
resetting capability already in the MCU. Refer 


to Resets section for additional 
information. 


INPUT/OUTPUT 
LINES (PAo-PA7, 
PBo-PB7, PCo-PC31 


These 20 lines are arranged into two 8-bit ports (A and 8) 
and one 4-bit port ICI. All lines are programmable 
as either 
inputs or outputs 
under software 
control 
of the data direc- 
tion registers. Refer to InputslOutputs 
section for additional 


information. 


MEMORY 


As shown in Figure 5, the MCU is capable of addressing 
2048 bytes of memory 
and 1/0 
registers with 
its program 


counter. 
The MC6805P4 
MCU 
has implemented 
1336 of 


these locations. 
This consists of: 1100 bytes of user ROM, 


116 bytes of self-check 
ROM, 
112 bytes of user RAM, 
6 


bytes of port 1/0, 
and 2 timer registers. 
The stack area is used during the processing 
of interrupt 
and subroutine 
calls to save the processor state. The register 


contents 
are pushed onto the stack in the order shown 
in 
Figure 
6. 
Because 
the 
stack 
pointer 
decrements 
during 
pushes, the low order byte (PCL) of the program counter is 
stacked 
first, 
then 
the 
high 
order 
three 
bits 
(PCHI 
are 
stacked. 
This ensures that the program 
counter 
is loaded 
correctly, during pulls from the stack, since the stack pointer 
increments during pulls. A subroutine 
call results in only the 
program 
counter 
(PCl, 
PCHI contents 
being pushed onto 
the stack. The remaining CPU registers are not pushed. 


CENTRAL PROCESSING UNIT 


The 
CPU 
of 
the 
M6805 
Family 
is 
implemented 
in- 
dependently 
from the 1/0 or memory configuration. 
Conse- 
quently, 
it can be treated 
as an independent 
central 
pro- 
cessor communicating 
with 1/0 and memory via internal ad- 
dress, data, and control 
buses. 


II 


7 
0 


000 
1/0 
Ports 
Sooo 


TImer 


Page Zero 
RAM 


Access 
with 
127 
1128 8ytes) 
S07F 


Short 
128 
S08C 


Instructions 
Page Zero 
User ROM 
1128 Bytes) 
255 
SOFF 


256 
Not Used 
SI00 


1704 Bytes) 
\ 


959 
S3BF 


960 
MaIn User 
S3CO 


ROM 
• 


1964 Bytes) 


1923 
S783 


1924 
Self Check 
$784 


ROM 
1116 Bytes) 


7 
6 
5 
4 
3 
2 
0 


0 
Port A 
$000 


Port 
B 
S001 


1 
1 
1 
1 
Port C 
$002 


Not Used 
S003 


4 
Port A DDR 
S004" 


Port B DDR 
$005" 


6 
Not Used 
Port C DDR 
SOO6" 


Not Used 
$007 


8 
Timer 
Data Reg 
$008 


9 
Timer Control Reg 
$(X)9 


2039 
$7F7 


{ 


2040 
Timer Interrupt 
$7F8 


Interrupt 
~~~ !~~~~~~~m~ 


Vectors 
~~ 
S'!!'- 
mg 


~~ 
Reset 
~m 
127 
S07F 


·Caution: 
Data direction registers IDDRsJ are write-only; 
they read as SFF. 


7 


I 
A 


7 


I 
X 


10 
8 7 
I 
PCH 
I 
PCl 
I 


10 
5 4 


10 
I 0 I 0 10 I 
1 I 
SP 


0 
I Accumulator 


0 
I Index Register 


0 
I Program 
Counter 


0 
I Stack 
Pointer 


1 I 


Condition 
1 
1 
Code 
Register 


Accumulator 


Index 
Register 


1 
1 
1 
1 
1 I 


PCH" 


PCl" 


PuSh 


* For subroutine 
calls, only pel and PCH are stacked. 


REGISTERS 


The 
M6805 
Family 
CPU 
has 
five 
registers 
available 
to 
the 


programmer. 
They 
are shown 
in Figure 
7 and 
are explained 
in 


the 
following 
paragraphs. 


Carry/Borrow 


Zero 


Negative 


Interrupt 
Mask 


Half Carry 


ACCUMULATOR 
(AI 
- 
The 
accumulator 
IS a general 
pur- 


pose 
8-bit 
register 
used 
to 
hold 
operands 
and 
results 
of 


arithmetic 
calculations 
or data 
manipulations. 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit value that may be add- 
ed to an instruction 
value to create an effective address. The 
index register can also be used for data manipulations 
using 
the read-modify-write 
instructions. 
The index register may 
also be used as a temporary 
storage area. 


PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains the 
address of the next instruction 
to be executed. 


STACK 
POINTER (SP) 


The stack pointer is an 11-bit register that contains the ad- 
dress of the next free location 
on the stack. 
Initially, 
the 
stack pointer is set to location 
$07F and is decremented 
as 
data is pushed onto 
the stack and incremented 
as data is 
pulled from 
the stack. 
The six most significant 
bits of the 
stack pointer are permanently 
configured 
toססOO11.During 
an MCU reset or the Reset Stack Pointer IRSP) instruction 
the stack pointer is set to location $07F. Subroutines 
and in: 
terrupts may be nested down to location $061 131bytes max- 
imuml which allows the programmer to use up to 31 levels of 
subroutine 
calls. 


CONDITION 
CODE REGISTER (CC) 


The condition 
code register is a 5-bit register in which four 
bits are used to indicate the results of the instruction 
just ex- 
ecuted. 
These bits can be individually 
tested by a program 
and specific action taken as a result of their state. Each in- 
dividual condition 
code register bit is explained in the follow- 


ing paragraphs. 


HALF CARRY (H) - 
Set during ADD and ADC instruc- 


tions to indicate that a carry occurred between bits 3 and 4. 


INTERRUPT 
(I) - 
This bit is set to mask (disable) the 
timer 
and external 
interrupt 
(lNT). 
If an interrupt 
occurs 
while this bit is set, the interrupt 
is latched and is processed 
as soon as the interrupt 
bit is cleared. 


NEGATIVE (N) - 
Used to indicate that the result of the 
last arithmetic, 
logical, 
or data manipulation 
was negative 
Ibit 7 in result equal to a logical onel. 


ZERO (Z) - 
Used to indicate that the result of the last 
arithmetic, 
logical, or data manipulation 
was zero. 


CARRY/BORROW 
(C) - 
Used to indicate that a carry or 
borrow out of the arithmetic 
logic unit IALU) occurred dur- 
ing the last arithmetic operation. 
This bit is also affected dur- 
ing bit test and branch instructions 
plus shifts and rotates. 


TIMER 


The MC6805P4 MCU timer circuitry 
is shown in Figure 8. 


The 8-bit counter may be loaded under program control and 
is decremented 
toward 
zero by the clock 
input 
Iprescaler 
outputl. 
When the timer reaches zero, the timer interrupt 
re- 
quest bit Ibit 7) in the timer control register ITCR) is set. The 
timer interrupt can be masked (disabled) by setting the timer 
interrupt mask bit Ibit 61in the TCR. The interrupt bit (I bit) in 
the condition 
code register also prevents a timer interrupt 
from being processed. The MCU responds to this interrupt 
by saving the present CPU state on the stack, fetcning 
the 
timer interrupt 
vector from locations $7F8 and $7F9, and ex- 
ecuting the interrupt routine; see the Interrupts section. THE 
TIMER INTERRUPT REQUEST BIT MUST BE CLEARED BY 
SOFTWARE. 
The clock 
input 
to the timer 
can be from 
an external 
source Idecrementing 
of timer counter occurs on a positive 
transition 
of the external source) applied to the TIMER input 
pin or it can be an internal </>2signal. The maximum frequen- 
cy of a signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tWL, tWH. The 
pin logic that recognizes the high lor low) state on the pin 
must also recognize 
the low lor high) state on the pin in 
order to "re-arm" 
the internal 
logic. 
Therefore, 
the period 
can be calculated as follows: 
(assumes 50/50 duty cycle for a 
given period) 


tcyc x 2 + 250 ns = period = _1_ 


freq 


TIMER 
Input 
Pin 


,...------j 
l 
l 


J 
l 
L 
! 


Manufacturing 
Mask Options 


Timer 
Interrupt 


Request 


Timer 
Interrupt 
Mask 


II 


INT 
MC6805P4 
PAT 
27 


RESET 
PA6 
26 


28 
RESET 
PA5 
25 
w'O'> 


PA4 
24 


5 
XTAL 
PA3 
23 
4 MHz' 
22 
c:::J 
PA2 


EXTAL 
PAl 
21 


24pF~ 
PAa 
20 


+ lOV 
lOkn 
-=7 
TIMER 
• 


VCC 
3 
VCC 
P87 
19 


6 
VS8 
P86 
18 


P85 
17 


P84 
16 


pca 
P83 
15 


PC1 
P82 
14 


PC2 
P81 
13 


PC3 
P8a 
12 


VCC~ 
Pin 3 
VSS 


Vss=Pin1 
-= 
1 


The period is not simply tWL + tWH. This computation 
is 
allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily longer period 1250ns 
twice). 
When the 4>2signal is used as the source, it can be gated 
by an input applied to the TIMER input pin allowing the user 
to easily perform 
pulse-width 
measurements. 
INote: 
for 


ungated 4>2clock inputs to the timer prescaler, the TIM ER 
pin should be tied to VCC.I The source of the clock input is 
one of the mask options that is specified before manufacture 
of the MCU. 
A prescaler option, divide by 2n, can be applied to the 
clock input that extends the timing interval up to a maximum 
of 128counts before decrementing the counter. This prescal- 
ing mask option is also specified before manufacture. 


The timer continues to count past zero, falling through to 
$FF from zero and then continuing 
the count. 
Thus, the 
counter can be read at any time by reading the timer data 
register (TORI. This allows a program to determine the 
length of time since a timer interrupt has occurred and not 
disturb the counting process. 


At power-up or reset, the prescaler and counter are in- 
itialized with all logical ones, the timer interrupt request bit 
(bit 71 is cleared, and the timer interrupt mask bit (bit 6) is 
set. 


SELF-CHECK 


The self-check capability of the MC6805P4 MCU provides 
an internal check to determine if the part is functional. Con- 
nect the MCU as shown in Figure 9 and monitor the output 


of port C bit 3 for an oscillation of approximately 7 Hz. A 
9-volt level on the TIMER input, pin 7, energizes the ROM- 
based self-check feature. The self-check program exercises 
the RAM, ROM, TIMER, interrupts, and I/O ports. 


RESETS 


The MCU can be reset three ways: by initial power-up, by 
the external reset input (RESET), and by an optional internal 
low voltage detect circuit; see Figure 10. The internal circuit 
connected to the RESET pin consists of a Schmitt trigger 
which senses the lrrSET line logic level. The Schmitt trigger 
provides an internal reset voltage if it senses a logic "0" on 
the 
RESET pin. 
During 
power-up, 
the 
Schmitt 
trigger 
switches on (removes reset) when the RESET pin voltage 
rises to VIRES+. When the RESET pin voltage falls to a 
logical "0" 
for a period longer than one tcyc, the Schmitt 
trigger switches off to provide an internal reset voltage. The 
"switch 
off" 
voltage occurs at VIRES _. 
A typical reset 
Schmitt trigger hysteresis curve is shown in Figure 11 


During power-up, a delay of tRHL is needed before allow- 
ing the RESETinput to go high. This time allows the internal 
clock generator to stabilize. Connecting a capacitor to the 
RESET input, as shown in Figure 12, typically provides suffi- 
cient delay. See Figure 16 under the Interrupts section for 
the complete reset sequence. 


INTERNAL 
CLOCK 
GENERATOR 
OPTIONS 


The internal clock generator circuit is designed to require a 
minimum of external components. 
A crystal, a resistor, a 


jumper wire, or an external signal may be used to generate a 
- system 
clock 
with 
various 
stability/cost 
tradeoffs. 
A 
- manufacturing 
mask option 
is required to select either the 
crystal oscillator 
or the RC oscillator 
circuit. 
The oscillator 
frequency is internally divided by four to produce the internal 
system clocks. 


The different connection 
methods are shown in Figure 13. 


The crystal specifications 
and suggested 
PC board layouts 


are given in Figure 14. A resistor selection graph is given in 
Figure 15. 


The crystal oscillator 
startup 
time is a function 
of many 
variables: crystal parameters (especially RSI, oscillator 
load 


capacitance, 
IC parameters, ambient temperature, 
and sup- 


ply voltage. 
To ensure rapid oscillator 
startup, 
neither the 


crystal characteristics 
nor the load capacitance 
should ex- 


ceed recommendations. 


Out 
Of 
Reset 


Part Of 
MC6005P4 
MCU 


MC6005P4 


EXTAL 
MCU 


lCrystal 
Mask 


Option) 


MC6005P4 
EXTAL 
MCU 


(ReSistor Mask 


Optlon) 


Approximately 
25% 
to 50% 
Accuracy 


Typical 
tcyc = 1.25 ~s 


External Jumper 


External 
Clock 
Input 


MC6005P4 


4 
EXTAL 
MCU 


(Crystal Mask 
Option) 


R 
ISee Figure 
151 


No 
ConnectIon 


MC6005P4 
EXTAL 
MCU 


(Reslslo; Mask 


OptIon) 


External Clock 
Approximately 
10% to 25% 
Accuracy 


External 
Resistor 
(Excludes 
Resistor 
Tolerance) 


NOTE: 
The recommended 
CL value with a 4.0 MHz crystal is 27 pF. maximum, 
including system distributed capacitance. 
There is an Internal 


capacitance 
of approximately 
25 pF on the XTAL 
pin. For crystal frequencies 
other than 4 MHz, 
the total capacitance 
on each pin 
should be scaled as the inverse of the frequency 
ratio. For example. 
with a 2 MHz crystal, use approximately 
50 pF on EXTAL 
and 
approximately 
25 pF on XTAL. 
The exact value depends on the Motional-Arm 
parameters 
of the crystal used. 


• 


• 


~~XTAL 


.~~ 
5 


AT 
- 
Cut Parallel Resonance Crystal 
Co=7 pF Max. 
Freq= 4.0 MHz@CL~ 24 pF 
RS~ 50ohms Max. 


~ 
30 


£ 
2.0 


o 


INTERRUPTS 


The MC6805P4 MCU can be interrupted three different 
ways: through the external interrupt IINTI input pin, the in- 
ternal timer interrupt request, or the software interrupt in- 
struction (SWIl. 
When any interrupt occurs: processing is 
suspended, the present CPU state is pushed onto the stack, 
the interrupt bit (I) in the condition code register is set, the 
address of the interrupt 
routine is obtained from the ap- 


propriate interrupt vector address, and the interrupt routine 
is executed. Stacking the CPU registers, setting the I bit, and 
vector fetching ,cquire a total of 11tcyc periods for comple- 
tion. 


A 
flowchart 
of 
the 
interrupt 
sequence 
is shown 
in 
Figure 16. The interrupt 
service routine must end with a 
return from interrupt (RTIl instruction which allows the MCU 
to resume processing of the program prior to the interrupt 
(by unstacking 
the previous CPU statel. 
Unlike RESET, 


hardware interrupts do not cause the current instruction ex- 
ecution to be halted, but are considered pending until the 


current 
instruction 
execution 
is complete. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 


If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external inter- 
rupt is serviced first. The SWI is executed as any other in- 


struction. 


The external interrupt is internally synchronized and then 
latched on the falling edge of INT. A sinusoidal input signal 
IflNT maximuml can be used to generate an external inter- 
rupt, as shown in Figure 17(a), for use as a Zero-Crossing 
Detector. This allows applications such as servicing time-of- 
day routines and engaging/ disengaging ac power control 
devices. 


1-1 
Bit Ion CCI 
07F-SP 
O-DDRs 
CLR 
INT Logic 


FF--Tlmer 
7F-Prescaler 
7F-TCR 


Load PC 
from 
7FE17FF 


lac 
(Current 
nput 


IfINT 
MaX.I~,mltongl 
2 


R:sl 
MO 


ac lnput~ 
R 
0.1-1.0 
10 Vac pop 
~F 


Execute All 
Instruction 


Cycles 


Load PC From 
SWI: 
7FC17FD 
INT: 7FA17FB 
TIMER 
7F817F9 


Ibl Digital-Signa' Interrupt 


VCC 


TTL 


Level 
Digital 
Input 


lJ 


• 


• 


For digital 
applications, 
the iNT pin can be driven by a 
digital signal. The maximum 
frequency 
of a signal that can 
be recognized by the INT pin logic is dependent on the para- 
meter labeled tWl, 
tWH. 
The pin logic that recognizes the 
high (or lowl state on the pin must also recognize the low lor 
highl state on the pin in order to "re-arm" 
the internal logic. 


Therefore, the period can be calculated as follows: 
lassumes 


50/50 duty cycle for a given period) 


1 
tcyc x 2 + 250 ns = period = freq 


The period is not simply tWl + tWH. 
This computation 
is 
allowable, 
but it does reduce the maximum 
allowable 
fre- 
quency 
by defining 
an unnecessarily 
longer period 1250 ns 
twicel. 
See Figure 171bl. 


A software 
interrupt 
ISWJ) is an executable 
instruction 
which 
is executed 
regardless of the state of the I bit in the 
condition 
code register. 
Note that if the I bit is zero SWI 
executes after the other interrupts. 
SWls are usually used as 


breakpoints 
for debugging 
or as system calls. 


IN PUT / OUTPUT 


There are 20 input/ output 
pins. The INT pin may also be 
polled with branch instructions 
to provide an additional input 
pin. All pins (Ports A, B, and Cl are programmable 
as either 
inputs or outputs 
under software control of the correspond- 
ing data direction register IOORI. The port I/O programming 
is accomplished 
by writing 
the corresponding 
bit in the port 
OOR to a logic "1" 
for output 
or a logic "0" 
for input. 
On 
reset, all the OORs are initialized to a logic "0" 
state to put 
the ports in the input mode. The port output registers are not 
initialized on reset but may be written 
to before setting the 
OOR bits to avoid undefined 
levels. When programmed 
as 


outputs, 
the latched output 
data is readable as input data, 


regardless of the logic levels at the output 
pin due to output 


loading; see Figure 18. When Port B is programmed 
for out- 


puts, it is capable of sinking 
10 mA and sourcing 
1 mA on 
each pin. 
All input/output 
lines are TTl 
compatible 
as both inputs 


and outputs. 
Ports Band C are CMOS compatible 
as inputs. 


Port A may be made CMOS compatible 
as outputs 
with 
a 
mask option. 
The address map in Figure 5 gives the address 


of data registers and OORs. The register configuration 
is pro- 


vided in Figure 19 and Figure 20 provides some examples of 
port connections. 


Caution 


The corresponding 
OORs for ports A, B, and Care 


write-only 
registers (registers at $004, $005, and $0061. 


A read operation on these registers is undefined. 
Since 
BSET and BClR are read-modify-write 
functions, 
they 
cannot 
be used to set or clear a OOR bit lall "unaf- 


fected" 
bits would be sell. 
It is recommended 
that all 
OOR bits in a port 
be written 
using 
a single-store 


instruction. 


The latched output data bit Isee Figure 181may always be 


written. 
Therefore, 
any write to a port writes all of its data 
bits even though 
the port OOR is set to input. 
This may be 
used to initialize the data registers and avoid undefined out- 
puts; 
however, 
care must be exercised 
when 
using read- 
modify-write 
instructions 
since the data read corresponds 
to 


the pin level if the OOR is an input (0) and corresponds to the 
latched output 
data when the OOR is an output 
(11. 


Data 
DireCtion RegIster 


Bit* 


Latched 
Output 
Data 
B,t 


*OOR 
is a write-only 
register and reads as all"'s" 


•• Ports A (with CMOS drive disabledl, B, and C are three-state ports. 


Port A has optional 
internal pullup devices to prOVide 
CMOS 
dnve 
capability. 
See Electrical Characteristics 
tables 
for complete 
information. 


Data 
Direction 
Output 
Input 


Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
Hi-Z·- 
Pin 


Port A Addr = $000 
Port 
B Addr ~ $001 
Port C Addr= 
$002 (Bots 0-31 


TeR7 - Timer 
Interrupt 
Status 
Request 
Bit: Set when 


TOA goes to zero; must be cleared 
by software. 
Cleared to a by reset. 


TCR6 81t 6- 
Timer 
Interrupt 
Mask 
BIt: 
1 = timer inter- 


rupt masked (disabled). 
Set to 1 by reset. 


TCR Bits 5, 4, 3, 2, 1,0 
read as "15" 
- 
unused 
bits. 


(1) Write 
Only; 
reads as all "15" 
(2) 
1 ~ Output; 
0= Input. 
Cleared to 0 by reset. 


(31 Port A Addr = $004 


Port 
B Addr ~ $005 


Port C Addr= 
$006 (Bits 0-31 


7 
I 
MSB 


o 


LSB I $OOB 


PA7 
27 
(CMOS 
Loadsl 


PA6 
26 


PA5 
25 


PA4 
24 
t1 TTL Load) 
- 
PA3 
23 
16mA 
PA2 
22 


PAl 
21 


PAO 
20 


Port A, bit 7 and bit 4 programmed 
as output. 


Bit 7 driving CMOS 
loads and bit 4 drrvlng one 


TlL 
load directly using CMOS 
output option. 


PB7 
19 


PB6 
18 


PB5 
17 


PB4 
16 


PB3 
15 


PB2 
14 
10mA- \\ 
\\ 
PBl 
13 


PBO 
12 


PB7 
19 


~IO= 
HFE.lb 


PB6 
18 


PB5 
17 


PB4 
16 


-Ib 


l.OmA 


PB3 
15 
2N6386 (Typlcall 


PB2 
14 


PB1 
13 


PBO 
12 


Port B. bit 5 programmed 
as output, 
driVing 


Darlington·base 
directly. 
+ V 


CMOS 
Inverters 


MC14049/MC14069 
(TYPlcali 


• 


•• 


or 


MC14069 
(TYPicalI 


MC74LS04 


(TYPlcall 


CMOS and TTL Driving Port C Directly 


BIT MANIPULATION 


The MC6805P4 MCU has the ability 
to set or clear any 
single random 
access memory 
or inputloutput 
bit (except 
the data direction 
register; see Caution under InputlOutput 
section) with a single instruction 
(BSET, BCLRI. Any bit in 
page zero including 
ROM, except the DDRs, can be tested, 


using the BRSET and BRCLR instructions, 
and the program 


branches 
as a result of its state. The carry bit equals the 
value of the bit referenced by BRSET or BRCLR. A Rotate 
instruction 
may then be used to accumulate serial input data 


in a RAM location 
or register. The capability 
to work with 


any bit in RAM, 
ROM, or 1/0 
allows the user to have in- 


dividual flags in RAM or to handle 1/0 bits as control 
lines. 


The coding example in Figure 21 illustrates the usefulness 


of the bit manipulation 
and test instructions. 
Assume that 


the MCU is to communicate 
with an external serial device. 


The external device has a data ready signal. a data output 
line, and clock line to clock data one bit at a time, LSB first, 
out of the device. The MCU waits until the data is ready, 
clocks the external device, picks up the data In the carry flag 
(C bitl, clears the clock line, and finally accumulates 
the data 
bit in a RAM location. 


MCU 


Ready_ - 


2 P 
Serial 
0 
DevIce 
Clock 
1 R 


T 
Data 
OA- 


SELF 
BRSET 
2,PORTA,SELF 


BSET 
I ,PORTA 


BRCLR 
O,PORTA,CONT 


CONT 
BCLR 
I ,PORTA 


ROR 
RAMLOC 


ADDRESSING 
MODES 


The MC6805P4 
MCU 
has 10 addressing 
modes which 
are 
explained 
briefly 
in the following 
paragraphs. 
For additional 


details and graphical 
illustrations, 
refer to the M6805 Family 
User's 
Manual. 


The term "effective 
address" 
(EAI is used in describing 
the 


address 
modes. 
EA is defined 
as the address from which 
the 
argument 
for an instruction 
is fetched 
or stored. 


IMMEDIATE 


In the 
immediate 
addressing 
mode, 
the 
operand 
is con- 
tained in the byte immediately 
following 
the opcode. 
The im- 


mediate 
addressing 
mode is used to access constants 
which 


do not change 
during 
program 
execution 
(e.g., 
a constant 


used to initialize 
a loop counter!. 


DIRECT 


In the direct addressing 
mode, the effective 
address of the 


argument 
is contained 
in a single byte following 
the opcode 
byte. 
Direct 
addressing 
allows 
the 
user to directly 
address 
the lowest 
256 bytes in memory 
with 
a single 2-byte 
instruc- 


tion. 
This includes 
the on-chip 
RAM 
and I/O 
registers 
and 
128 bytes of 
ROM. 
Direct 
addressing 
is an effective 
use of 
both 
memory 
and time. 


EXTENDED 


In the extended 
addressing 
mode, 
the effective 
address of 
the argument 
is contained 
in the two bytes following 
the op- 


code. 
Instructions 
using extended 
addressing 
are capable of 


referencing 
arguments 
anywhere 
in memory 
with 
a single 
3-byte 
instruction. 
When 
using the Motorola 
assembler, 
the 
programmer 
need 
not 
specify 
whether 
an instruction 
uses 
direct 
or extended 
addressing. 
The assembler 
automatically 
selects 
the shortest 
form 
of the instruction. 


RELATIVE 


The 
relative 
addressing 
mode 
is only 
used in branch 
in- 


structions. 
In relative 
addressing, 
the contents 
of the 8-bit 
signed byte following 
the opcode 
(the offset) 
is added to the 
PC if and only 
if the 
branch 
condition 
is true. 
Otherwise, 


control 
proceeds 
to the next instruction. 
The span of relative 
addressing 
is from 
- 126 to + 129 from the opcode 
address. 


The programmer 
need not worry 
about 
calculating 
the cor- 


rect 
offset 
when 
using 
the 
Motorola 
assembler, 
since 
it 


calculates 
the proper 
offset 
and checks 
to see if it is within 
the span of the branch. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset 
addressing 
mode, 
the effective 
address 
of 
the 
argument 
is contained 
in the 
8-bit 
index 
register. 
Thus, 
this addressing 
mode can access the first 256 
memory 
locations. 
These 
instructions 
are 
only 
one 
byte 


long. 
This mode 
is often 
used to move a pointer 
through 
a 
table or to hold the address of a frequently 
referenced 
RAM 


or I/O 
location. 


INDEXED, 
8-BIT 
OFFSET 


In the indexed, 
8-bit offset 
addressing 
mode, 
the effective 
address 
is the sum of the contents 
of the unsigned 
8-bit 
in- 
dex 
register 
and 
the 
unsigned 
byte 
following 
the 
opcode. 
This addressing 
mode is useful in selecting 
the kth element 
in 


an n element 
table. 
With 
this 
2-byte 
instruction, 
k would 
typically 
be in X with 
the address 
of the 
beginning 
of the 


table in the instruction. 
As such, 
tables may begin anywhere 
within 
the first 
256 addressable 
locations 
and could 
extend 


as far as location 
510 ($1 FE is the last location 
at which 
the 


instruction 
may begin!. 


INDEX, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the effec- 


tive address 
is the sum of the contents 
of the unsigned 
8-bit 
index 
register 
and the two 
unsigned 
bytes following 
the op- 


code. 
This addressing 
mode can be used in a manner 
similar 
to indexed, 
8-bit 
offset. 
except 
that 
(his 3-byte 
instruction 
allows 
tables to be anywhere 
in memory. 
As with 
direct 
and 


extended 
addressing, 
the 
Motorola 
assembler 
determines 
the shortest 
form 
of indexed 
addressing. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set or 


cleared is part of the opcode, 
and the byte following 
the op- 
code 
specifies 
the direct 
address 
of the 
byte 
in which 
the 
specified 
bit is to be set or cleared. 
Thus, 
any read/write 
bit 
in the first 
256 locations 
of memory, 
including 
I/O, 
can be 
selectively 
set or cleared with 
a single 2-byte instruction. 
See 
Caution 
under 
the Input/Output 
section. 


BIT TEST 
AND 
BRANCH 


The bit test and branch 
addressing 
mode is a combination 


of direct addressing 
and relative addressing. 
The bit and con- 
dition 
(set or clearl which 
is to be tested is included 
in the op- 
code, and the address of the byte to be tested is in the single 
byte 
immediately 
following 
the 
opcode 
byte. 
The 
signed 


relative 
8-bit 
offset 
is in the third 
byte and is added 
to the 


value 
of the 
PC if the branch 
condition 
is true. 
This single 
3-byte instruction 
allows the program 
to branch 
based on the 


condition 
of 
any 
readable 
bit 
in the 
first 
256 locations 
of 
memory. 
The span of branching 
is from 
-125 
to + 130 from 
the 
opcode 
address. 
The 
state 
of 
the 
tested 
bit 
is also 
transferred 
to the carry 
bit of the condition 
code 
register. 
See Caution 
under 
the Input/Output 
section. 


INHERENT 


In 
the 
inherent 
addressing 
mode, 
all 
the 
information 
necessary 
to execute 
the instruction 
is contained 
in the op- 
code. 
Operations 
specifying 
only 
the 
index 
register 
or ac- 
cumulator, 
as well 
as control 
instruction 
with 
no 
other 
arguments, 
are included 
in this mode. These instructions 
are 
one byte long. 


INSTRUCTION 
SET 


The MC6805P4 
MCU 
has a set of 59 basic 
instructions, 
which 
when 
combined 
with 
the 
10 addressing 
modes 
pro- 
duce 207 usable opcodes. 
They can be divided 
into five dif- 
ferent 
types: 
register/memory, 
read-modify-write, 
branch, 
bit 
manipulation, 
and 
control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 
All the instructions 
within 
a given 
type are presented 
in individual 
tables. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of 
these 
instructions 
use 
two 
operands. 
One 
operand 
is either 
the accumulator 
or the index register. 
The 


• 


• 


other 
operand 
is obtained 
from 
memory 
using one of the ad- 
dressing 
modes. 
The jump 
unconditional 
(JMPI 
and jump to 


subroutine 
(JSRI 
instructions 
have 
no 
register 
operands. 


Refer to Table 
1. 


READ-MODIFY 
-WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a register, 


modify 
or test 
its contents, 
and write 
the 
modified 
value 
back 
to 
memory 
or to the 
register 
(see Caution 
under 
In- 
put/Output 
section!. 
The test for negative 
or zero ITSTI 
in- 


struction 
is included 
in the 
read-modify-write 
instructions 
though 
it does not perform 
the write. 
Refer to Table 2. 


BRANCH 
INSTRUCTIONS 


The branch 
instructions 
cause a branch 
from the program 
when 
a certain 
condition 
is met. 
Refer to Table 3. 


BIT MANIPULATION 
INSTRUCTIONS 


These instructions 
are used on any bit in the first 256 bytes 


of the 
memory 
Isee Caution 
under 
Input/Output 
sectionl. 


One group 
either 
sets or clears. 
The other 
group 
performs 


the bit test branch 
operations. 
Refer to Table 4. 


CONTROL 
INSTRUCTIONS 


The control 
instructions 
control 
the MCU operations 
dur- 


ing program 
execution. 
Refer to Table 5. 


ALPHABETICAL 
LISTING 


The complete 
instruction 
set is given in alphabetical 
order 


in Table 7. 


OPCODE 
MAP 
SUMMARY 


Table 7 is an opcode 
map for the instructions 
used on the 


MCU. 


AddresSln~ 
Modes 


Indexed 
Indexed 
Indexed 
Immediate 
Direct 
EXlended 
(No Offsell 
(8 BII Offsel) 
(16·Bll0ffset) 


0. 
• 
• 
0. 
• 
• 
0• 
• 
• 
0• 
• 
• 
0. 
• . 
OP . 
• 


Function 
MnemonIC 
Cod 
Bytes 
Cycles 
Code 
Byles 
Cycles 
Code 
Byles 
Cycles 
Code 
Bytes 
Cycles 
Code 
Byles 
Cycles 
Code 
Bytes 
Cycles 


Load A Irom Memory 
LOA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
, 
4 
E6 
2 
5 
06 
3 
6 


Load X from Memory 
LOX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
, 
4 
EE 
2 
5 
Of 
3 
6 


Store A In Memory 
STA 
--- 
B7 
2 
5 
C7 
3 
6 
F7 
, 
5 
E7 
2 
6 
07 
3 
7 


Slore X In Memory 
STX 
BF 
2 
5 
CF 
3 
6 
ff 
, 
5 
ff 
2 
6 
OF 
3 
7 


Add Memory 
10 A 
ADO 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
, 
4 
EB 
2 
5 
DB 
3 
6 


Add Memory 
and 
Carry to A 
AOC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
, 
4 
E9 
2 
5 
09 
3 
6 


Sublract Memory 
SUB 
AO 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
, 
4 
EO 
2 
5 
00 
3 
6 


Subtract Memory 
from 
A Wllh Borrow 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
, 
4 
f2 
2 
5 
02 
3 
6 


AND Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
, 
4 
E4 
2 
5 
04 
3 
6 


OR Memory 
wllh A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
, 
4 
EA 
2 
5 
OA 
3 
6 


Exclu5l\'e OR Memory 
wlIh A 
EOR 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
, 
4 
EB 
2 
5 
DB 
3 
6 


Arllhmellc 
Compare A 
with Memory 
CMP 
A' 
2 
2 
B' 
2 
4 
(, 
3 
5 
f1 
, 
4 
El 
2 
5 
0' 
3 
6 


ArllhmellC 
Compare 
X 
with Memory 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
, 
4 
E3 
2 
5 
03 
3 
6 


Bit Te5l Memory 
wllh 


A (Logical Comparel 
BIT 
A5 
2 
2 
B5 
2 
4 
C5 
3 
5 
F5 
, 
4 
E5 
2 
5 
05 
3 
6 


Jump Unconditional 
JMP 
BC 
2 
3 
CC 
3 
4 
FC 
, 
3 
EC 
2 
4 
DC 
3 
5 


Jump to Subroutine 
JSR 
-- 
BO 
2 
7 
CO 
3 
8 
FO 
, 
7 
EO 
2 
8 
00 
3 
9 


Addressing 
Modes 


Indexed 
Indexed 
Inherenl 
(A) 
Inherent 
(X) 
Direct 
(No Offset) 
18 Bit Offset} 


0. 
• 
• 
0. 
• 
• 
0. 
• 
• 
0• 
• 
• 
0. 
• 
• 
Function 
Mnemonic 
Code 
Bvtes 
Cycles 
Code 
Bv1es 
Cvcles 
Code 
8Vtes 
Cycles 
Code 
Bv1es 
Cvcles 
Code 
8ytes 
Cvcles 


Increment 
INC 
4C 
, 
4 
5C 
, 
4 
3C 
2 
6 
7C 
, 
6 
6C 
2 
7 


Decremenl 
OEC 
4A 
, 
4 
5A 
, 
4 
3A 
2 
6 
7A 
, 
6 
6A 
2 
7 


Clear 
CLR 
4F 
, 
4 
5F 
, 
4 
3F 
2 
6 
7F 
, 
6 
6F 
2 
7 


Complemenl 
COM 
43 
, 
4 
53 
, 
4 
33 
2 
6 
73 
, 
6 
63 
2 
7 


Negale 
(2'5 Comp1emenl) 
NEG 
40 
, 
4 
50 
, 
4 
30 
2 
6 
70 
, 
6 
60 
2 
7 


ROlale Lell Thru Carry 
ROL 
49 
, 
4 
59 
, 
4 
39 
2 
6 
79 
, 
6 
69 
2 
7 


Rotate Rtght Thru Carry 
ROR 
46 
, 
4 
56 
, 
4 
36 
2 
6 
76 
, 
6 
66 
2 
7 


logical 
Shift left 
LSL 
48 
, 
4 
58 
, 
4 
38 
2 
6 
78 
, 
6 
68 
2 
7 


logical 
Shift Righi 
LSR 
44 
, 
4 
54 
, 
4 
34 
2 
6 
74 
, 
6 
64 
2 
7 


Arlthmellc 
ShIll 
Righi 
ASR 
47 
, 
4 
57 
, 
4 
37 
2 
6 
77 
, 
6 
67 
2 
7 


Tesl for Negative 


or Zero 
TST 
40 
, 
4 
50 
, 
4 
30 
2 
6 
70 
, 
6 
60 
2 
7 


II 


• 


Relative 
Addressing 
Mode 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch 
IFF Higher 
BHI 
22 
2 
4 


Branch IFF Lower or Same 
BlS 
23 
2 
4 


Branch 
IFF Carry Clear 
BCC 
24 
2 
4 


(Branch 
IFF Higher 
or Samel 
(BHSI 
24 
2 
4 


Branch IFF Carry Set 
BCS 
25 
2 
4 


(Branch 
IFF lower! 
IBlOI 
25 
2 
4 


Branch 
IFF Not Equal 
BNE 
26 
2 
4 


Branch IFF Equal 
BEG 
27 
2 
4 


Branch IFF Half Carry Clear 
BHCC 
28 
2 
4 


Branch IFF Half Carry Set 
BHCS 
29 
2 
4 


Branch IFF Plus 
BPl 
2A 
2 
4 


Branch IFF MinUS 
BMI 
2B 
2 
4 


Branch IFF Interrupt 
Mask Bit 
IS Clear 
BMC 
2C 
2 
4 


Branch IFF Interrupt 
Mask 
BIt tS Set 
BMS 
20 
2 
4 


Branch IFF Interrupt 
Line 
IS Low 
Bil 
2E 
2 
4 


Branch IFF Interrupt 
line 
IS High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSR 
AD 
2 
8 


Addressing Modes 


Bit Setl Clear 
Bit Test and Branch 


Function 
Mnemonic 
Op 
, 
, 
Gp 
, 
, 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IFF Bit n IS Set 
BRSET 
n (n=O. 
71 
- 
- 
- 
20n 
3 
10 


Branch IFF Bit n 15 Clear 
BRClR 
n In=O 
71 
- 
- 
- 
01 + 2-n 
3 
10 


Set Bit n 
BSET n In-O 
71 
10 + 2-" 
2 
7 
- 
~ 
- 


Clear Bit n 
BClR 
n In~O 
71 
11 + 2-" 
2 
7 
- 
- 
- 


Inherent 
Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 


Transfer 
A 10 X 
TAX 
97 
1 
2 


Transfer 
X 10 A 
TXA 
9F 
1 
2 


Sel Carry 
Btt 
SEC 
99 
1 
2 
Clear Carry Bit 
ClC 
98 
1 
2 
Set Inlerrupt 
Mask 
Sit 
SEI 
9B 
1 
2 
Clear Interrupt 
Mask 
SIt 
CLI 
9A 
1 
2 
Software 
Interrupt 
SWI 
83 
1 
11 


Return 
from Subrouttne 
RTS 
81 
1 
6 
Return 
from Interrupl 
RT! 
BO 
1 
9 
Reset Stack POI'lter 
RSP 
9C 
1 
2 
No·Operatlon 
NOP 
90 
1 
2 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Set! 
Test 
& 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(B Bits) 
(16 
Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
1\ • 
1\ 
1\ 
1\ 


ADD 
X 
X 
X 
X 
X 
X 
1\ • 
1\ 
1\ 
1\ 


AND 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


ASL 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


ASR 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


BCC 
X 
• • • • • 


BCLR 
X 
• • • • • 


BCS 
X 
• • • • • 


BEG 
X 
• • • • • 


BHCC 
X 
• • • • • 


BHCS 
X 
• • • • • 


BHI 
X 
• • • • • 


BHS 
X 
• • • • • 


BIH 
X 
• • • • • 


BIL 
X 
• • • • • 


BIT 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


BLO 
X 
• • • • • 


BLS 
X 
• • • • • 


BMC 
X 
• • • • • 


BMI 
X 
• • • • • 


BMS 
X 
• • • • • 


BNE 
X 
• • • • • 


BPL 
X 
• • • • • 


BRA 
X 
• • • • • 


BRN 
X 
• • • • • 


BRCLR 
X 
• • • • 
1\ 


BRSET 
X 
• • • • 
1\ 


BSET 
X 
• • • • • 


BSR 
X 
• • • • • 


CLL 
X 
• • • • 
0 


Cli 
X 
• 0 • • • 


CLR 
X 
X 
X 
X 
• • 0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


COM 
X 
X 
X 
X 
• • 
1\ 
1\ 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


DEC 
X 
X 
X 
X 
• • 
1\ 
1\ • 


EOR 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


INC 
X 
X 
X 
X 
• • 
1\ 
1\ • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 


LDA 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


LDX 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


LSL 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


LSR 
X 
X 
X 
X 
• • 0 
1\ 
1\ 


NEG 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


NOP 
X 
• • • • • 


ORA 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


ROL 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


RSP 
X 
• • • • • 


Condition 
Code Symbols: 
H 
Half Carry (From 
Bit 3) 


I 
Interrupt 
Mask 


N 
Negative 
(Sign 
Bitl 


Z 
Zero 


C 
Carry/Borrow 


A 
Test and Set if True, Cleared Otherwise 


• 
Not Affected 


• 


• 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 


Indexed 
Indexed 
Indexed 
Set! 
Test 
& 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(8 Bits) 
(16 
Bitsl 
Clear 
Branch 
H 
I 
N 
Z 
C 


RTI 
X 
? 
? 
? 
? 
? 


RTS 
X 
• • • • • 


SBC 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


SEC 
X 
• • • • 
1 


SEI 
X 
• 
1 • • • 


STA 
X 
X 
X 
X 
X 
• • 1\ 
1\ • 


STX 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


SUB 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


SWI 
X 
• , • • • 


TAX 
X 
• • • • • 


TST 
X 
X 
X 
X 
• • 
1\ 
1\ • 


TXA 
X 
• • • • • 


Condition Code Symbols: 


H 
Half Carry (From 
Bit 31 


I 
Interrupt 
Mask 
N 
Negative 
(Sign 
Bitl 


Z 
Zero 


C 
Carry/Borrow 
A 
Test and Set if True. Cleared Otherwise 


• 
Not Affected 


? 
Load CC Register 
From Stack 


Bit MlniDulation 
Brlnch 
Read/Modify/Write 
Control 
Rogisto<lMOITlOfY 


R 
I 
DIR 
, 


~ 
;;., 
.,;" 
~o 
oo~, 
o~ 
o,~, 
o,~o 
8 
9 
A 
8 
,,~ 
1~1 
11~0 
,tl1 
H~ 
low 
0111 
'000 
'00' 
1010 
1011 
, 
X 
, 
X 
X 
7 
, 
I' 
RTI 
2 
x 


:: 
SUB", 
~ 
BRSEJp 
BSE1~c 
BRA", 
NEG 
01A 
NEG 
NEGI"'H 
NEG 
NEG 
,. 
SU~uu 
17 
SUBnlA 
SU~" 
SUB", 
, 
SUB 
'x 
~ 
, 
INH 
I 
I , , 
I'"" 
,. 
7 
x 
, 
2 
x 
5 
, 
5 
X 
~, 
BRCl~TO. 
BCl~~r 
BRNAI'I 
RTS 
CMP 
CMP 
CMP 
CMP 
CMP 
CMP 
cri" 
,NH 
2 
IMM 
2 
DIR 
J 
'XT 
J 
IX 
IX' 
, 
,X 
, 
X 
x 
I' 
SBC 
• 
SBC 
J.o 
BRSEJT', 
BSE1~r 
BHI,,, 
SBC 
SBC 
SBS 


XT 
SBC 
2 


IMM 
2 
DIR 
J 
I , 
IX 
IXI , 
'x 
00'. 
I 
7 
· 


6 
x 
· 


7 
6 
II 
2 
x 
I' 
CPX 
• 
CPX 
J., 
BRCL:T', 
BCL~~r 
BLSA~' 
COM 


nlA 
I COM~ 
•.• 
COM'~H 
COM'Y1 
COM 
SWI 
CPX 
CPX 
CPX 
CPX 
flCl 
,;" 
X 
I 
INH 
2 
IMM 
2 
DIR 
J 
EXT I , 
IX 
, 
" 


'SRSEJ;. 
7 
x 
6 
· 


x 
7 
6 
x 
16 
AND 
x 
"~ 


BSE1~r 
I, 
BCC,,, 
LS~TA 
1 LSR~NH 
LSRX 
LSR 
LSR 
III 
AND 
AND 
AN~XT 
AND", 
AND 
.,~ 
, 
I H 


" 
, 
IMM 
2 
DIR 
. J 
IX 
, 
IX 


'BRCLRl, 
· 


2 
x 
5 


: 
BIT 
,., 


x 


0,51 
BCL~~C 
I 2 
BCS", 
BI~ •• ,. 
? 
BIT nlR 
BIT~YT 
BIT 
,., 
, 
BIT" 
n,~, 


'SRSET!. 


x 
6 
· 


X 
7 
6 
2 
x 
5 
6 
5 
x 


n~ 
BSE1~r 
I? 
BNEAI" 
ROR 


n'A 
1 RORe.. 
•.• 
ROR~"" 
ROR", 
ROR" 
LOA 
LOA 
LOA 
1 
LOA 
LOA 
LOA 
n~o 
IMM 
2 
DIR 
J 
'XT 
IX 
IX' 
, 
IX 


'BRCLR!, 
x 
6 
· 


x 
7 
6 
, 


5 
STA 
5 
STA 


01~1 
BCL~~c 
12 
BED 
ASR 


OIA 
1 ASR~H 
\ ASR~NH 
ASR 


1X1 
ASR 
TAX 
ST~XT 
' 
STA 
STA 


nl~\ 
..Bll 
I 
" 
, 
INH 
2 
DIR 
IX 
IX' , 
IX 


'SRSEJ:. 
· 


6 
x 
· 
, 
x 
5 
6 
x 
,~ 
BSE1~r 
I , 
BHC~" 
LSL 
nlA 
LSL~NH 
LSL~NH 
LSLIl'1 
LSL 
III 
CLC,"" 
EOR 
, 
EOR 
EOR 
EOR 
EOA 
EOA 
8 
, 
, 
, 
IMM 
DIR 
J 
EXT 
J 
IX 
IX' 
, 
'X 
'000 


'gACLR;', 


7 
· 


6 
· 
· 


7 
6 
, 
2 
x 
5 
6 
ADC 
x 


9 
BCL~~r 
I, BHC~" 
ROL 


nlA 
AOLA 
AOLX 
ROL 


IX1 
ROL 
IX 
SEC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 
'00' 
, 
INH 
, 
INH 
, 
, 
INH 
2 
IMM 
2 
DIR 
J 
'XT 
J 
IX2 
2 
IX' 
, 
'X 
'00' 


''BASET)i. 


7 
· 


6 
· 
· 


7 
6 


• 
OAA 
' 
ORA 
• 
ORA 
,t;n 
BSE~t 
I, 
BPL,,, 
DECDIR 
DECA 
DECX 
DEC 
DEC 
CLI 
OAA 
OAA 
ORA 
A 


I 
INH , 
INH 
2 
", , 
" 
, 
INH 
2 
IMM 
2 
DIR 
J 
'XT 
J 
'X2 
2 
IX' 
, 
IX 
1010 


'BRCLA 


T 
5. 


7 
· 
· 
.' 
ADD 
• 
ADD 
B 
BCL~~r 
2 
BMI 
SEI 
ADD 
ADD 
ADD 
ADD 
B 


" 
RE 
INH 
IUM 
1 
DIR 
J 
EXT 
J 
,X2 
2 
IX' 
, 
IX 
1011 


'gASET~. 


x 
6 
· 


x 
7 
• 
2 
J 
. 
, 
JMP 
, 
JMP 
lfm 
BSE1~c 
I, BM~" 
, 
INCDIR 


INCA 
INCX 
INC 
INC 
ASP 
JMP 
JMP 
JMP 
C 


I 
INH , 
INH 
IX' 
, 
IX 
INH 
2 
DIR 
J 
'XT 
J 
IX2 , 
IX' 
, 
IX 
1100 


'SRCL~T6. 


x 


: 
TSTnlR · 


x 
2 
, 
JSR 
' 
JSR 
0 
BCL~~r 
I, 
BMS,,, 
TSTA 
TSTX 
TST 
TST 
NOP 
BSA 
JSA 
JSA 
JSA 
0 
II' 
I 
INH 
, 
INH 
", , 
" 


, 
INH 
2 
REL 
2 
DIR 
J 
EXT 
J 
" 
2 
IX' 
, 
IX 
" , 
,. 
7 
· 
· 
, 
LOX 
E 
BASEJ;. 
BSE1~c 
BIL,,, 
LOX 
LOX 
LOX 
LOX 
LOX 
E 
", 
IUM 
2 
DIR 
J 
EXT 
J 
" 
IX' 
, 
IX 
1110 
,. 
x 
, 
· 
· 
, 
CLA 
, 
, 
STX 
' 
STX 
F 
BACLA7 
BCLA7 
BIH 
CLR 
CLRA 
CLAX 
CLA 
TXA 
STX 
STX 
STX 
F 
1111 
J 
BT' 
2 
'SC 
2 
REL , 
DIR 
, 
INH , 
INH 
2 
IX' 
, 
IX 
, 
INH 
2 
DIR 
J 
EXT 
J 
IX2 
2 
IX' 
, 
IX 
1111 


Inherent 
Immediate 


Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed 
INo Offset! 
Indexed. 
1 Byte IB-Bitl 
Offset 


Indexed. 
2 Byte 116-Bit! Offset 


I of Cycles 


Mnemonic 


Bytes 


• 


• 


ORDERING 
INFORMATION 


The information required when ordering a custom MCU is 
listed below. 
The ROM program may be transmitted 
10 


Motorola on EPROMIs! or an MOOS disk file. 


To initiate a ROM pattern for the MCU, it is necessary to 
first contact your local Motorola representative or Motorola 
distributor. 


EPROMs 


The MCM2716 or MCM2532 type EPROMs, programmed 


With the customer program (positive logic sense for address 
and data!, may be submitted 
for pattern generation. The 
EPROM must be clearly marked to indicate which EPROM 
corresponds 
to which address space. The recommended 


marking procedure is illustrated below: 


After the EPROM(s! are marked, they should be placed in 


conductive 
IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media IEPROMs or floppy disk) are fil- 
ed for contractual 
purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly 
checked and the verification 
form completed, 


signed, and returned to Motorola. 
The signed verification 
form constitutes the contractual agreement for creation of 
the customer mask. If desired, Motorola will program on 
blank EPROM from the data file used to create the custom 
mask and aid in the verification process. 


ROM VERIFICATION UNITS IRVUs) 


Ten MCUs containing the customer's ROM pattern will be 


sent for program verification. 
These units will have been 
made using the custom mask but are for the' purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, 
and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production 
parts. The RVUs are 


thus not guaranteed by Motorola Quality Assurance, and 
should be discarded after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted 
must be single-sided, single- 


density, 8-inch, MOOS compatible floppies. The customer 
must write the binary file name and company name on the 
disk with a felt-tip pen. The minimum MOOS system files, as 
well as the absolute binary object file (filename LO type of 
file! from the M6805 cross assembler, must be on the disk. 
An 
object 
file 
made from 
a memory 
dump 
using 
the 


ROLLOUT command is also acceptable. Consider submitting 
a source listing as well as the following 
files: filename, LX 


IEXORciser 
loadable 
format) 
and 
filename, 
SA 
IASCII 


Source Code!. These files will of course be kept confidential 
and are used 1) to speed up the process in-house if any prob- 
lems arise, and 2) to speed up the user-to-factory interface If 
the user finds any software 
errors and needs assistance 
quickly from Motorola factory representatives. 


MOOS is Motorola's 
Disk Operating system available on 
development of systems such as EXORciser, EXORset, etc. 


Package Type 
Frequency 
(MHz) 
Temperature 
Generic Number 


CeramIc 


L SuffiX 
10 
DOC 
to 70°C 
MC6805P4L 


Plasllc 


P SuffiX 
10 
DOC to 70<JC 
MC6805P4P 


Cerdlp 


S SuffiX 
10 
DOC to 70°C 
MC6805P4S 


MC 
_ 


Address 
SC 
_ 


OPTION 
LIST 


Select the options for your MCU 
from the following list. A 


manufacturing 
mask will be generated 
from this information. 
• 


Timer Clock Sc.urce 


o Internal 
~2 clock 
o TIMER 
input 
Pin 


Internal Oscillator Input 
o Crystal 
o Resistor 


Timer Prescaler 


o iJ Idivided 
by 1l 


o 2' 
Idivided 
by 21 
o 22 Idivided 
by 41 


o 23 Idivided 
by 81 
o 2'l Idivided 
by 161 
o 25 Idivided 
by 321 


o ~ Idivided 
by 641 
o 27 Idivided 
by 1281 


Low Voltage 
Inhibit 
o Disable 
o Enable 


Port A Output 
Drive 
o CMOS 
and TTL 
o TTL Only 


Port B Output Drive 
o TTL 
o Open Drain 


Standby 
RAM 


D88ytes 


D328ytes 
064 
8ytes 
o 112 8ytes 


Port C Output 
Drive 
o TTL 
o Open Drain 


o Floppy 
Disk 
o Other 
_ 
L 
---.J 


• 


® MOTOROLA 


The MC6805P6 Microcomputer 
Unit 
IMCUI 
is a member 
of the 


M6805 
Family 
of 
low-cost 
single-chip 
microcomputers. 
This 
8-blt 
microcomputer 
contains a CPU, on-chip CLOCK, ROM, RAM, I/O, and 
TIMER. It ISdeSigned for the user who needs an economical microcom- 
puter with the proven capabilities 
of the M6800-based instruction 
set. 


The following 
are some of the hardware and software 
highlights 
of the 
MC6805P6 MCU. 


HARDWARE 
FEATURES 


• 
8-Bit Architecture 


• 
64 Bytes of RAM 


• 
Memory Mapped I/O 


• 
1796 Bytes of User ROM 
• 
20 TTLiCMOS 
Compatible 
Bidirectional 
I/O 
lines 
18 Lines are 
LED Compatible) 


• 
On-Chip Clock Generator 


• 
Self-Check 
Mode 


• 
Zero Crossing Detection 


• 
Master Reset 


• 
Complete 
Development 
System Support 
on EXORCiser 


• 
5 V Single Supply 


SOFTWARE 
FEATURES 


• 
Similar to M6800 Family 


• 
Byte EffiCient Instruction 
Set 


• 
Easy to Program 


• 
True Bit Manipulation 


• 
Bit Test and Branch InstructIOn 


• 
Versatile Interrupt 
Handling 


• 
Versatile Index Register 


• 
Powerful 
Indexed AddreSSing for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory Usable as Register/Flags 


• 
Single Instruction 
Memory Examine/Change 


• 
10 Powerful AddreSSing Modes 


• 
All AddreSSing Modes Apply to ROM, RAM, and I/O 


USER SELECTABLE OPTIONS 


• 
Internal 8-Blt Timer with Selectable Clock Source (External Timer 
Input or Internal Machine Clockl 


• 
Timer Prescaler Option (7 Bits, 2n) 


• 
8 Bidirectional I/O lines with TTL or TTLICMOS 
Interface Option 


• 
Crystal or Low-Cost 
Resistor Oscillator Option 


• 
Low Voltage Inhibit Option 


• 
Vectored Interrupts: 
Timer, Software, 
and External 


• 
Port B Open Drain Drive Option 


(HIGH 
DENSITY 
N CHANNEL. 
SllICON·GATE 
DEPLETION 
LOADI 


8-BIT 
MICROCOMPUTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
719 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
710 


S SUFFIX 


CERDIP 
PACKAGE 


CASE 
733 


Vss 


INT 
PA7 


VCC 
PA6 


EXTAL 
PA5 


XTAL 
PA4 


NUM 
PA3 


TIMER 
PA2 


peO 
PAl 


PCl 
PAO 


PC2 
PB7 


PC3 
PB6 


PBO 
PB5 


PBI 
PB4 


P~ 
P~ 


PBO 
Accumulator 
PB1 
B 
A 
CPU 
Data 
Port 
PB2 
Port 


Index 
Control 
Ou. 
B 
PB3 
B 


RegIster 
Reg. 
Reg. 
PB4 
I/O 
PAO 
B 
X 
PB5 Lines 


PAl 
Condition 
PB6 
Port 
PA2 
Port 
Data 
Code 
PB7 


A 
PA3 
A 
Oir. 
Register 
CC 
110 
PA4 
CPU 


Lines 
PA5 
Reg. 
Reg. 
Stack 
II 


PA6 
5 


POinter 
SP 
PA7 
Data 
Port 
PCO Port 
Program 
PC1 
C 
Counter 
Dir. 
C 
PC2 
110 
High 
PCH 
AlU 


Reg 
Reg. 
PC3 Lines 


1796 x B 
Program 
User ROM 
Counter 


116X 8 Self· 
8 
low 
PCl 
Check ROM 


MAXIMUM 
RATINGS 


Ratina 
Svmbol 
Value 
Unit 


Supply Voltage 
VCT 
-0.3 
to + 7.0 
V 


Input 
Voltage 
(Except 
Pin 61 
V,n 
-0.3 
to + 70 
V 


Operating 
Temperature 
Range 
TA 
o to 70 
°c 


Storage Temperature 
Range 
TSlg 
-55 to + 150 
°c 


Junction 
Temperature 


PlastiC 
150 


Ceramic 
TJ 
175 
°c 


Cerdlp 
175 


ThiS deVIce contains 
CHcUltry to prOlect the 
Inputs 
against 
damage 
due 
to 
hIgh statIc 
voltages 
or eleclflc 
fields. 
however. 
It 15ad- 


vIsed that normal precautions 
be taken 10 


avoid application 
of any voltage 
hIgher than 


maximum 
rated 
voltages 
to 
thIS 
hlgh- 


Impedance ClfCUI!, For proper operatIon 
It IS 
recommended 
lh3t 
Vln 
and 
Vaut 
be 
can· 


strained 
to 
the 
range 
VSS~IVln 
ar 
Vaut) 
:s:V CC 
RelIabIlity 
of operation 
IS enhanced 
If 


unused Inputs are tied to an appropriate 
logiC 


voltage 
level leg. 
either 
VSS or VCC' 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
ReSistance 


PlastiC 
72 


CeramIc 
8JA 
50 
°C/W 


Cerdlp 
50 


POWER CONSIDERATIONS 


The average chip-junction 
temperature, 
TJ, in °C can be obtained 
from: 


TJ; 
TA + (PO"8JA) 
(11 


Where: 


TA-Ambient 
Temperature, 
°C 
8JA- 
Package Thermal Resistance, Junction-to-Ambient, 
°C/W 


PO- 
PINT + PPORT 
PINT -ICC 
x VCC, Watts 
- 
Chip Internal Power 


PPORT - Port Power Oissipation, 
Watts 
- 
User Oetermined 


For most applications 
PPORT -c PINT and can be neglected. 
PPORT may become significant 
if the device is configured 
to 
drive Oarlington 
bases or sink LEO loads. 


An approximate 
relationship 
between 
Po and TJ (if PPORT IS neglected) 
IS: 


PO; 
K + IT J + 273°C) 
(21 


Solving equations 
1 and 2 for K gives: 


K; 
PO"IT A + 273°CI + 8JA"P02 
(31 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po lat equilibriuml 
for a known TA. Using this value of K the values of Po and TJ can be obtained by solving equations (1I and (21iteratively for any 
value of TA. 


• 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
High Voltage 


iITID 14.75:sVCC:s5.751 
4.0 
- 
VCC 
IVCC<4.75) 
VCC-0.5 
- 
VCC 


fIrr 14.75:sVCC:s5.75) 
VIH 
4.0 
· 


VCC 
V 


IVCC<4.751 
VCC-0.5 
· 


VCC 
All Other 
2.0 
- 
VCC 


Input 
High Voltage 
Timer 


Timer Mode 
VIH 
2.0 
- 
VCC+ 
1 
V 


Self-Check 
Mode 
- 
10.0 
15.0 


Input 
Low 
Voltage 


fIrr 
VIL 
VSS 
· 
1.5 
V 


All Other 
VSS 
- 
0.8 


IltID 
Hysteresis 
Voltage 
ISee Figures 
10, 11, and 121 


"Out 
of Reset" 
VIRES+ 
2.1 
- 
4.0 
V 


"Into 
Reset" 
VIRES- 
0.8 
- 
20 


iNi Zero Crossing Input Voltage, 
Through a Capacitor 
VI NT 
2.0 
- 
4.0 
Vac pop 


Internal Power Dissipation 
No Port Loading 
VCC-5.75 
V, TA-O°C 
PINT 
400 
690 
mW 


Input Capacitance 
XTAL 
(in 
- 
25 
- 
pF 


All Other 
- 
10 
- 


Low Voltage 
Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
O°C to 70°C 
VLVI 
2.75 
3.5 
- 
V 


-40°C 
to 85°C 
3.1 
3.5 
- 


Input Current (External Capacitor 
Charging Current) 


TIMER 
1Vin ~ 0.4 VI 
- 
- 
20 


INT 1Vin= 2.4 V to VCCI 
- 
20 
50 


EXTAL 
1Vin=2.4 
V to VCC, 
Crystal 
Option I 
lin 
- 
- 
10 
p.A 


1Vin = 0.4 V, Crystal 
Option I 
- 
- 
-1600 


iITID IVin~ 
0.8 VI 
-4.0 
- 
-40 


Characteristic 
I Symbol 
I 
Min 
I 
Typ 
I 
Max 
I 
Unit 


Port A with 
CMOS 
Drive Enabled 


Output 
Low Voltage, 
ILoad= 
1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage, 
ILoad - 
- 100 p.A 
VOH 
2.4 
- 
- 
V 


Output 
High Voltage, 
ILoad - 
- 10 p.A 
VOH 
VCC-l 
- 
- 
V 


Input 
High Voltage, 
ILoad- 
- 300 p.A (max.1 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, 
ILoad- 
500 p.A Imax.1 
VIL 
VSS 
0.8 
V 


Hi-Z State 
Input 
Current 
1Vin-2.O 
V to VCC) 
IIH 
- 
- 
-300 
p.A 


Hi-Z State 
Input 
Current 
1Vin - 0.4 VI 
IlL 
- 
- 
-500 
p.A 


Port 
B 


Output 
Low Voltage, 
ILoad ~ 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output 
Low Voltage, 
ILoad ~ 10 mA 
(sink) 
VOL 
- 
- 
10 
V 


Output 
High Voltage, 
ILoad - 
- 200 p.A 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source). 
VO-1.5 
V 
IOH 
-1.0 
- 
-10 
mA 


Input 
High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi~Z State Input Current 
ITSI 
- 
2 
10 
p.A 


Port C and Port A with 
CMOS 
Drive 
Disabled 


Output 
Low 
Voltage, 
ILoad= 
1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage, 
ILoad- 
1oop.A 
VOH 
2.4 
- 
- 
V 


Input 
High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input 
Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
10 
p.A 


Port B with Open-Drain 
Option 


Output 
High Voltage 
I 
VOH 
I 
2.4 
I 
- 
I 
13.0 
V 


Hi-Z State Input Current 
I 
ITSI 
I - 
I 
2 
I 
20 
p.A 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
MC6805P6 
0.4 
- 
4.2 
MC68A05P6 
fosc 
0.4 
- 
6.0 
MHz 


MC68B05P6 
0.4 
- 
8.0 
CycleTime 14/foscl 
tcyc 
0.95 
- 
10 
ps 


iNT and TIMERPulseWidth ISee INTERRUPTSI 
tWL,tWH 
tcvc+ 250 
- 
- 
ns 


~ 
PulseWidth 
tRWL 
tcvc+ 250 
- 
- 
ns 


~ 
DelayTime 1ExternalCapacitance= 1.0pFI 
tRHL 
- 
100 
- 
ms 


INT Zero CrossingDetectionInput Frequency 
flNT 
0.03 
- 
1.0 
kHz 


ExternalClockInput Duty CycletEXTAlI 
- 
40 
50 
60 
% 


TestPolnt~ I30 pF ITotall 


Tes! 
MMD6150 


Point 
or Equiv. 


SIGNAL 
DESCRIPTION 


The input and output signals for the MCU are described in 
the following paragraphs. 


VCC AND VSS 
Power is supplied to the MCU using these two pins. VCC 
is power and VSS is the ground connection. 


iNT 


This pin provides the capability for asynchronously apply- 


ing an external interrupt to the MCU. Refer to Interrupts sec- 
tion for additional information. 


XTAL AND EXTAL 


These pins provide connections 
to 
the on-chip 
clock 
oscillator circuit. A crystal, a resistor, or an external signal, 
depending on the user selectable manufacturing 
mask op- 


tion, can be connected to these pins to provide a system 
clock 
source with 
various stability/cost 
tradeoffs. 
Lead 


lengths and stray capacitance on these two pins should be 
minimized. Refer to Internal Clock Generator Options section 
for recommendations about these inputs. 


TIMER 


This pin allows an external input to be used to decrement 


the internal timer circuitry. 
Refer to Timer section for addi- 


tional information about the timer circuitry. 


RESET 


This pin allows resetting of the MCU at times other than 
the automatic resetting capability already in the MCU. Refer 
to Resets section for additional information. 


NUM 


This pin is not for user application and must be connected 
to VSS. 


INPUT/OUTPUT LINES (PAD-PA7, PBD-PB7, PCD-PC3) 


These 20 lines are arranged into two 8-bit ports (A and Bl 
and one 4-bit port (Cl. All lines are programmable as either 
inputs or outputs under software control of the data direc- 
tion registers. Refer to Inputs/Outputs 
section for additional 
information. 


MEMORY 


As shown in Figure 5, the MCU is capable of addressing 


2048 bytes of memory and I/O registers with its program 
counter. 
The MC6805P6 MCU has implemented 
1984 of 
these locations. This consists of: 1796 bytes of user ROM, 
116bytes of self-check ROM, 64 bytes of user RAM, 6 bytes 
of port I/O, and 2 timer registers. 


The stack area is used during the processing of interrupt 


and subroutine calls to save the processor state. The register 
contents are pushed onto the stack in the order shown in 
Figure 6. 
Because the stack pointer 
decrements during 
pushes, the low order byte (PCL) of the program counter is 
stacked first; 
then the high order three bits (PCHI are 
stacked. This ensures that the program counter is loaded 
correctly, during pulls from the stack, since the stack pointer 
increments during pulls. A subroutine call results in only the 
program counter (PCL, PCHI contents being pushed onto 
the stack. The remaining CPU registers are not pushed. 


CENTRAL 
PROCESSING 
UNIT 


The 
CPU of 
the 
M6805 
Family 
is 
implemented 
in- 


dependently from the I/O or memory configuration. 
Conse- 
quently, 
it can be treated as an independent central pro- 
cessor communicating with I/O and memory via internal ad- 
dress, data, and control buses. 


REGISTERS 
The M6805 Family CPU has five registers available to the 


programmer. They are shown in Figure 7 and are explained in 
the following paragraphs. 
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FIGURE 
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256 
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Not Used 
S007 
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Timer 
Data 
Reg 
SOO6 


ROM 


SOO9 
11668 Bytes) 
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Timer Control Reg 
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Not 
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1923 
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63 


154 Bytesl 
S03F 


1924 
S784 
64 
S040 
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Check 


ROM 
RAM 


2039 
1116 Bytesl 
164 Bytes) 
S7F7 
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T,mer 
Interrupt 
S7FB 
2041 
S7F9 
2042 
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S7FA 
Interrupt 
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External Interrupt 
S7FB 
Vectors 
2044 
---- 
S7FC 
SWI 
2045 
---- 
S7FD 
2046 
Reset 
S7FE 
2047 
S7FF 
S07F 


·Caution: Data direction registers (DORs) 
are write-only; 
they read as SFF. 
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ACCUMULATOR 
(AI 


The accumulator is a general purpose 8-blt register used to 


hold operands and results of anthmetlc calculations or data 
manipulations. 


Negative 


Interrupt Mask 


Half Carry 


INDEX REGISTER (Xl 


The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit value that may be 
added to an instruction value to create an effective address. 
The index register can also be used for data manipulations 
using the read-modify-write 
instructions. The index register 
may also be used as a temporary storage area. 


PROGRAM COUNTER (PCI 


The program counter is an 1l-bit register that contains the 
address of the next instruction to be executed. 


STACK POINTER (SPI 
The stack pointer is an 11-bit register that contains the ad- 


dress of the next free location on the stack. Initially, the 
stack pointer is set to location $07F and is decremented as 
data is pushed onto the stack and incremented as data is 
pulled from the stack. The six most significant bits of the 
stack pointer are permanently configured toססOO11.During 
an MCU reset or the reset stack pointer (RSPI Instruction, 
the stack pointer is set to location $07F. Subroutines and in- 
terrupts may be nested down to location $061(31 bytes max- 
imuml which allows the programmer to use up to 15levels of 
subroutine calls. 


CONDITION CODE REGISTER (CCI 


The condition code register is a 5-blt register In which four 
bits are used to indicate the results of the instruction just ex- 
ecuted. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each in- 
dividual condition code register bit is explained In the follow- 
ing paragraphs. 


HALF CARRY (HI 
Set dUring ADD and ADC instruc- 


tions to indicate that a carry occurred between bits 3 and 4. 


INTERRUPT II) - 
ThiS bit is set to mask Idisablel the 
timer and external Interrupt 
IINTI. 
If an interrupt 
occurs 
while this bit is set, the interrupt ISlatched and is processed 
as soon as the interrupt is cleared. 


NEGATIVE (N) - 
Used to indicate that the result of the 
last arithmetic, 
logical, or data manipulation was negative 
(bit 7 in result equal to a logical onel. 


ZERO IZI - 
Used to indicate that the result of the last 
arithmetic, logical, or data manipulation was zero. 


CARRY IBORROW ICI - 
Used to indicate that a carry or 
borrow out of the arithmetic logic unit IALUI occurred dur- 
ing the last arithmetic operation. This bit is also affected dur- 
ing bit test and branch instructions plus shifts and rotates. 


TIMER 


The MC6805P6 MCU timer circuitry is shown in Figure 8. 


The 8-bit counter may be loaded under program control and 
is decremented toward zero by the clock input Iprescaler 
output I. When the timer reaches zero, the timer interrupt re- 
quest bitlbit 
71in the timer control register ITCRI is set. The 


timer interrupt can be'masked (disabledl by setting the timer 
interrupt mask bit (bit61 in the TCR. The interrupt bit (I bill in 
the condition code register also prevents a timer interrup1 
from being processed. The MCU responds to this interrupt 
by saving the present CPU state on the stack, fetching the 
timer Interrupt vector from locations $7F8 and $7F9, and ex- 
ecuting the interrupt routine; see the Interrupts section. THE 
TIMER INTERRUPT REQUEST BIT MUST BE CLEARED BY 
SOFTWARE. 
The clock input to the timer can be from an external 


source ldecrementing of timer counter occurs on a positive 
transition of the external sourcel applied to the TIMER input 
pin or it can be the internal <p2signal. The maximum frequen- 
cy of a signal that can be recognized by the TIMER or INT Pin 
logic is dependent on the parameter labeled tWL, tWH. The 
pin logic that recognizes the high (or low) state on the pin 
must also recognize the low lor high) state on the pin in 
order to "re-arm" 
the internal logic. Therefore, the period 
can be calculated as follows: lassumes 50/50 duty cycle for a 
given period) 


tcyc x 2 + 250 ns= period = ~freq 


The period is not simply tWL + tWH. 
This computation 
IS 
allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily longer period 1250ns 
twice). 


When the <p2signal is used as the source, it can be gated 
by an Input applied to the TIMER Input pin allOWingthe user 
to easily perform pulse-width 
measurements. INOTE: For 


ungated <p2clock inputs to the timer prescaler, the TIMER 


TIMER 
Input 


Pin 


r-------l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
• 


Manufacturing 
Mask 


Optlons 


Timer 


Interrupt 
Mask ITIMI 
Not 
Used 
,----A----, 


• 


pin should be tied to VCC.l The source of the clock input is 
one of the mask options that is specified before manufacture 
of the MCU. 
A prescaler option can be applied to the clock input that 


extends the timing interval up to a maximum of 128 counts 
before decrementing the counter. This prescaling mask op- 
tion is also specified before manufacture. 


The timer continues to count past zero, falling through to 
$FF from zero and then continuing 
the count. 
Thus, the 
counter can be read at any time by reading the timer data 
register (TORI. This allows a program to determine the 
length of time since a timer interrupt has occurred and not 
disturb the counting process. 


At power-up or reset, the prescaler and counter are in- 


itialized with all logical ones, the timer interrupt request bit 
(bit 7) is cleared, and the timer interrupt mask bit (bit 61 is 
set. 


SELF-CHECK 
The self-check capability of the MC6805P6 MCU provides 


an internal check to determine if the part is functional. Con- 
nect the MCU as shown in Figure 9 and monitor the output 
of port C bit 3 for an oscillation of approximately 7 Hz. A 
9-volt level on the TIMER input, pin 7, energizes the ROM- 
based self-check feature. The self-check program exercises 
the RAM, ROM, TIMER, interrupts, and I/O ports. 


RESETS 
The MCU can be reset three ways: by initial power-up, by 


the external reset input (RESETI, and by an optional Internal 


low voltage detect circuit; see Figure 10. The internal circuit 
connected to the RESET pin consists of a Schmitt trigger 
which senses the RESETline logic level. The Schmitt trigger 
provides an internal reset voltage if it senses a logic "a.. on 
the 
RESET pin. 
During 
power-up, 
the 
Schmitt 
trigger 
switches on (removes resetl when the REID pin voltage 
rises to VIRES+. When the RESET pin voltage falls to a 
logical "a" for a period longer than one tcyc, the Schmitt 
trigger switches off to provide an internal reset voltage. The 
"switch 
off" 
voltage occurs at VIRES _. 
A typical reset 
Schmitt trigger hysteresis curve is shown in Figure 11. 


During power-up, a delay of tRHL is needed before allow- 
ing the RESETinput to go high. This time allows the internal 
clock generator to stabilize. Connecting a capacitor to the 
RESET input, as shown in Figure 12, typically provides suffi- 
cient delay. See Figure 16 under Interrupts section for the 
complete reset sequence. 


INTERNAL 
CLOCK 
GENERATOR 
OPTIONS 
The internal clock generator circuit is designed to require a 
minimum of external components. 
A crystal, a resistor, a 
jumper wire, or an external signal may be used to generate a 
system 
clock 
with 
various 
stability/cost 
tradeoffs. 
A 


manufacturing mask option is required to select either the 
crystal oscillator or the RC oscillator circuit. The oscillator 
frequency is internally divided by four to produce the internal 
system clocks. 


The different connection methods are shown in Figure 13. 
The crystal specifications and suggested PC board layouts 
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MC6805P6 
PA7 
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PA6 
26 


RESET 
28 
RESET 
25 
PA5 
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1.0,IF 
PM 
24 
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XTAL 
PA3 
23 


PA2 
22 
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EXTAL 
PAl 
21 


PAO 
20 


+ 10V 
10k 
TIMER 


PB7 
19 


6 
NUM 
PB6 
18 


VCC 
P85 
17 


P84 
16 


5100 
PB3 
15 
PCO 
5100 
PCl 
P82 
14 


5100 
PC2 
PB1 
13 


5100 
PC3 
PBO 
12 


VCC= 
Pin 3 
VSS= 
Pin 1 
* This connection 
depends on the clock oscillator user selectable mask option. 


Use crystal jf crystal option is selected. 


are given in Figure 14. A resistor selection graph is given in 
Figure 15. 


The crystal oscillator startup time is a function of many 
variables: crystal parameters (especially ASI, oscillator load 


capacitance, Ie parameters, ambient temperature, and sup- 
ply voltage. To ensure rapid oscillator startup, neither the 
crystal characteristics nor the load capacitance should ex- 
ceed recommendations. 


Out 
Of 
Reset 


Part 
Of 


MC6805P6 


MCU 


XTAL 


(See Note) 
CJ 
MC6805P6 
EXTAL 
MCU 


CL 
(Crystal 
Mask 
:r: 
Option) 


Crystal 


XTAL 


External 
MC6805P6 


Clock 
4 
EXTAL 
MCU 
Input 
(Crystal 
Mask 
Option) 


MC6805P6 


MCU 


(Resistor 
Mask 
Option) 


Approximately 
25% 
to 50% 
Accuracy 
TypIcal 
tcyc= I.25 ~s 


External Jumper 


R 
(See Figure 
151 


No 
Connection 


MC6805P6 


EXTAL 
MCU 
(Resistor Mask 
Option) 


External Clock 
Approximately 
10% to 25% 
Accuracy 
External 
Resistor 
(Excludes 
Resistor 
Tolerence) 


NOTE: 
The recommended 
CL value with a 4.0 MHz crystal IS 27 pF. maximum, 
including system distributed capacitance. 
There IS an internal 
cap.:tcltance of approximately 
25 pF on the Xl AL pin. For crystal frequencIes other than 4 MHz. 
the total capacitance 
on each pIn 
should be scaled 
as the Inverse 
of the frequency 
ratio. For example. 
with a 2 MHz crystal, use approxImately 
50 pF on EXTAL 
and 
approximately 
25 pF on XTAL. 
The exact value depends on the Motional-Arm 
parameters 
of the crystal used. 


• 
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Freq. = 4.0 MHz 
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INTERRUPTS 


The MC6805P6 MCU can be interrupted three different 
ways: through the external interrupt liNT) Input pin, the in- 


ternal 
timer 
mterrupt 
request, 
or 
the 
software 
interrupt 
in- 


strur'ion 
ISWII. When any interrupt occurs: processing IS 


suspended, the present CPU state is pushed onto the stack, 
the interrupt bit III in the condition code register IS set, the 
address of the Interrupt routine is obtained from the ap- 
propriate interrupt vector address, and the interrupt routine 


IS executed. Stacking the CPU registers, setting the I bit, and 
vector fetching requires a total of 11tcyc periods for comple- 
tion. 


A 
flowchart 
of 
the 
interrupt 
sequence is shown 
in 
Figure 16. The interrupt service routine must end with a 
relUrn from interrupt (RTII Instruction which allows the MCU 
to resume processing of the program prior to the interrupt 
Iby unstacklng the previous CPU statel. 
Unlike RESET, 


hardware 
Interrupts 
do not cause 
the current 
Instruction 
ex- 


ecution to be halted, but are considered pending until the 


current 
instruction 
execution 
is complete. 


When 
the 
current 
Instruction 
is complete. 
the 
processor 


checks all pending hardware Interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later Interrupt service. 


If both an external interrupt and a timer interrupt are pend- 


Ing at the end of an instruction 
execution, 
the external 
inter- 


rupt 
IS serviced first. The SWI IS executed as any other in- 


struction. 


The external interrupt 
IS internally synchronized and then 


latched on the falling edge of INT. A sinusoidal input signal 
IfINT maximum) can be used to generate an external inter- 
rupt, as shown in Figure 171al, for use as a zero-crossing 
detector. This allows applications such as servicing time-of- 
day routines and engaging/ disengaging ac power control 
devices. 


For digital applications, the INT pin can be driven by a 
digital signal. The maximum frequency of a signal that can 
be recognized by the TIMER or INT pin logic is dependent on 
the 
parameter labeled tWL 
tWH. 
The pin 
logic 
that 
recognizes the high lor lowl state on the pin must also 
recognize the low lor highI state on the pin In order to "re- 


1-llin 
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CLA TNT LogIc 
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R~ 
1 mO 
2 
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TTL 
Level 
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II 


• 


arm" 
the 
internal 
logic. 
Therefore, 
the 
period 
can 
be 


calculated as follows: (assumes 50/50 duty cycle for a given 
periodl 


1 
tcyc x 2+ 250 ns = period = freq 


The period is not simply tWL + tWH. 
This computation 
is 


allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily longer period (250 ns 
twice). See Figure 17(b)' 


A software 
interrupt 
(SWII is an executable instruction 
which is executed regardless of the state of the I bit in the 
condition code register. Note that if the I bit is zero SWI ex- 
ecutes after the other interrupts. 
SWls are usually used as 
break-points for debugging or as system calls. 


INPUT/OUTPUT 


There are 20 input/ output pins. The INT pin may also be 
polled with branch instructions to provide an additional input 
pin. All pins (port A, B, and CI are programmable as either 
inputs or outputs under software control of the correspond- 
ing data direction register lDORI. The port I/O programming 
is accomplished by writing the corresponding bit in the port 
OOR to a logic "1" 
for output or a logic "0" 
for input. On 


reset, all the OORs are initialized to a logic "0" state to put 
the ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting the 
OOR bits to avoid undefined levels. When programmed as 
outputs, 
the latched output data is readable as Input data, 


regardless of the logic levels at the output pin due to output 
loading; see Figure 18. When port B is programmed for out- 
puts, it is capable of sinking 10 mA and sourcing 1 mA on 
each pin. 


All input/ output lines are TTL compatible as both inputs 


and outputs. Ports Band C are CMOS compatible as inputs. 
Port A may be made CMOS compatible as outputs with a 
mask option. The address map in Figure 5 gives the address 
of data registers and OORs. The register configuration is pro- 
vided in Figure 19 and Figure 20 provides some examples of 
port connections. 


Caution 


The corresponding OORs for ports A, B. and Care 


write-only registers (registers at $004, $005, and $006), 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a OOR bit (all "unaf- 
fected" bits would be setl. It is recommended that all 
OOR bits in a port be written using a single-store in- 


struction. 


The latched output data bit Isee Figure 181may always be 


written. Therefore, any write to a port writes all of its data 
bits even though the port OOR is set to input. This may be 
used to initialize the data registers and avoid undefined out- 
puts; however, care must be exercised when using read- 
modify-write instructions since the data read corresponds to 
the pin level if the OOR is an input ("0") and corresponds to 
the latched output data when the OOR is an output 1"1"). 
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Direction 
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Bit· 


Latched 
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Data 
Bit 


Data 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
Hi~Z*• 
Pin 


• DDA 
is a write-only 
register 
and reads as all '" s" . 


•• 
Port A (with CMOS 
drive disabled), 
B. and C are three state ports. Port A has optional internal pullup devices 


to provide 
CMOS 
drive capability. 
See Electrical 
Characteristics 
table 
for complete 
information. 


Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 I B,ts 0- 
3J 


TeRl 
- Timer Interrupt Status BIt: Set when TOR goes 


to zero; must be cleared by software. 
Cleared to 


o by reset. 


TCR6 Btl 6- 
Timer 
Interrupt 
Mask 
BIt: 
1 =: timer 
inter- 


rupt 
masked 
(disabled!. 
Set to 1 by reset 
TCR Bits 5,4,3,2, 
1,0 
read as "Is" 
- 
unused 
bits. 
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BIT MANIPULATION 


The MC6805P6 MCU has the ability to set or clear any 


single random 
access memory 
or Input/ output 
bit lexcept 


the data direction 
register, see Caution under Input/Output 


section), with a single instruction 
IBSET, BCLRl. Any bit in 


page zero including 
ROM, except the DDRs, can be tested, 


using the BRSET and BRCLR instructions, 
and the program 


branches as a result of its state. The carry bit equals the 
value of the bit referenced by BRSET or BRCLR. A rotate in- 
struction 
may then be used to accumulate serial Input data in 


a RAM location or register. The capability to work wIth any 


bit in RAM, ROM, or I/O allows the user to have individual 
flags in RAM or to handle I/O bits as control 
lines. 


The coding exampje in Figure 21 illustrates the usefulness 


of the bit manipulation 
and test instructions. 
Assume that 
the 
MCU 
IS to communicate 
with 
an external 
senal 
device. 


The external device has a data ready signal, a data output 
lone,and a clock line to clock data one bit at a tIme, LSB first, 
out of the device. The MCU waits until the data is ready, 
clocks the external device, picks up the data in the carry flag 
(C bill, clears the clock lone,and finally accumulates the data 
bit in a RAM location. 
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Ready - 


Serial 
2 P 


Device 
Clock 
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1 R 
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Data 
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1 ,PORTA 
ROR 
RAMLOC 


ADDRESSING 
MODES 
The MC6805P6 MCU has 10 addressing modes which are 
explained briefly in the following paragraphs. For additional 
details and graphical illustrations, refer to the M6805 Family 
User's Manual. 


The term "effective address" lEAl is used in describing the 


address modes. EA is defined as the address from which the 
argument for an instruction is fetched or stored. 


IMMEDIATE 
- 
In the immediate addressing mode, the 


operand is contained in the byte immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
le.g., a constant used to initialize a loop counter). 


DIRECT - 
In the direct addressing mode, the effective ad- 


dress of the argument is contained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 256 bytes in memory with a single 
2-byte instruction. 
This includes the on-chip RAM and I/O 


registers and 12Bbytes of ROM. Direct addressing IS an ef- 
fective use of both memory and time. 


EXTENDED - 
In the extended addressing mode, the ef- 


fective address of the argument is contained in the two bytes 
following 
the opcode. Instructions using extended address- 


ing 
are capable 
of 
referencing 
arguments 
anywhere 
in 


memory with a single 3-byte instruction. 
When using the 


Motorola 
assembler, 
the 
programmer 
need not 
specify 


whether an instruction 
uses direct or extended addressing. 


The assembler automatically selects the shortest form of the 
instruction. 


RELATIVE - 
The relative addressing mode is only used in 


branch instructions. 
In relative addressing, the contents of 


the B-bit signed byte following the opcode (the offsetl is add- 
ed to the PC if and only if the branch condition is true. Other- 
wise, control proceeds to the next instruction. 
The span of 


relative addressing is from - 126 to + 129 from the opcode 
address. The programmer need not worry about calculating 
the correct offset when using the Motorola assembler since 
it calculates the proper offset and checks to see if it is within 
the span of the branch. 


INDEXED, 
NO OFFSET - 
In the indexed, no offset ad- 


dressing mode, the effective address of the argument is con- 
tained in the B-bit index register. Thus, this addressing mode 
can access the first 256 memory locations. These instruc- 
tions are only one byte long. This mode is often used to 
move a pointer through a table or to hold the address of a 
frequently referenced RAM or I/O location. 


INDEXED, 8--BIT OFFSET - 
In the indexed, B-bit offset 


addressing mode, the effective address is the sum of the 
contents of the unsigned B-bit index register and the unsign- 
ed byte following 
the opcode. 
This addressing mode is 


useful in selecting the kth element in an n element table. 
With this 2-byte instruction, 
k would typically be in X with 


the address of the beginning of the table in the instruction. 
As such, tables may begin anywhere within the first 256 ad- 
dressable locations and could extend as far as location 510 
($1FE is the last location at which the instruction may beginl. 


INDEXED, 16-BIT OFFSET - 
In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned B-bit index register and the two un- 
signed bytes following 
the opcode. This addressing mode 


can be used in a manner similar to indexed, B-bit offset, ex- 
cept that this 3-byte instruction allows tables to be anywhere 
in memory. 
As with 
direct and extended addressing, the 
Motorola assembler determines the shortest form of indexed 
addressing. 


BIT SET/CLEAR 
- 
In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and the byte 
following the opcode specifies the direct address of the byte 
in which the specified bit is to be set or cleared. Thus, any 
read/write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single 2-byte in- 
struction. 
See Caution under the Input/Output 
section. 


BIT TEST AND BRANCH - 
The bit test and branch ad- 
dressing mode is a combination 
of direct addressing and 
relative addressing. The bit and condition (set or clear) which 
is to be tested is included in the opcode, and the address of 
the byte to be tested is in the single byte immediately follow- 
ing the opcode byte. The signed relative B-bit offset is in the 
third byte and is added to the value of the PC if the branch 
condition 
is true. This single 3-byte instruction 
allows the 
program to branch based on the condition of any readable 
bit in the first 256 locations of memory. The span of bran- 
ching is from - 125 to + 130 from the opcode address. The 
state of the tested bit is also transferred to the carry bit of the 
condition code register. See Caution under the Input/Output 
section. 


INHERENT - 
In the inherent addressing mode, all the in- 
formation necessary to execute the instruction is contained 
in the opcode. Operations specifying only the index register 
or accumulator, as well as control instruction with no other 
arguments, are included in this mode. These instructions are 
one byte long. 


INSTRUCTION 
SET 


The MC6805P6 MCU has a set of 59 basic instructions, 
which when combined with the 10 addressing modes pro- 
duce 207 usable opcodes. They can be divided into five dif- 
ferent types: register/memory, 
read-modify-write, 
branch, 


bit manipulation, 
and control. 
The following 
paragraphs 
briefly explain each type. All the instructions within a given 
type are presented in individual tables. 


REGISTER/MEMORY 
INSTRUCTIONS 
- 
Most of these 
instructions use two operands. One operand is either the ac- 
cumulator or the index register. The other operand is ·obtain- 
ed from memory using one of the addressing modes. The 
jump unconditional (JMP) and jump to subroutine IJSR) in- 
structions have no register operands. Refer to Table 1 


READ-MODIFY-WRITE 
INSTRUCTIONS 
- 
These In- 
structions read a memory location or a register, modify or 
test its contents, 
and write 
the modified 
value back to 
memory or to the register lsee Caution under Input/ Output 
section!. The test for negative or zero ITST) instruction is In- 
cluded in read-modify-write 
instructions though it does not 
perform the write. Refer to Table 2. 


• 


I 


BRANCH 
INSTRUCTIONS 
- 
The branch instructions 


cause a branch from the program when a certain condition is 
met. Refer to Table 3. 


BIT MANIPULATION 
INSTRUCTIONS 
- 
These instruc- 
tions are used on any bit in the first 256 bytes of the memory 
(see Caution under Input/Output 
section!. One group either 
sets or clears. The other group performs the bit test branch 
operations. Refer to Table 4. 


CONTROL 
INSTRUCTIONS 
- 
The control instructions 


control 
the 
MCU 
operations 
during 
program 
execution. 


Refer to Table 5. 


ALPHABETICAL 
LISTING - 
The complete instruction set 
is given in alphabetical order in Table 6. 


Addressing 
Modes 


Indexed 
Indexed 
Indexed 
lmmedi.te 
Direct 
Extended 
INo 
Of1le1) 
18·Bit 
Offset) 
(16·Bit 
Offset) 


Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
OP 
• 
• 
Function 
Mnemonic 
Cod. Byte. 
Cycle. 
Code 
Bytes 
Cycle. 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load 
A from 
Memory 
LDA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
D6 
3 
6 


Load 
X from 
Memor" 
LDX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Siore 
A In Memory 
STA 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
D7 
3 
7 


Siore 
X In Memory 
STX 
- 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
DF 
3 
7 


Add 
Memory 
10 A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add 
Memory 
and 


Carry 
to A 
ADC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
D9 
3 
6 


Sublfact 
Memory 
SUB 
AD 
2 
2 
BD 
2 
4 
CD 
3 
5 
FD 
1 
4 
ED 
2 
5 
DD 
3 
6 


Subtract 
Memory 
from 


A With 
Borrow 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
D2 
3 
6 


AND 
Memory 
10 A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
D4 
3 
6 


OR 
Memory 
With 
A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
DA 
3 
6 


ElI:clustve 
OR 
Memory 


With 
A 
EOR 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Arllhmetlc 
Compare 
A 


With 
Memory 
CMP 
Al 
2 
2 
Bl 
2 
4 
Cl 
3 
5 
Fl 
1 
4 
E' 
2 
5 
Dl 
3 
6 


Aflthmellc 
Compare 
X 


WIth 
Memory 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
D3 
3 
6 


BII Test 
Memory 
wllh 


A (Logical 
Comparel 
BIT 
A5 
2 
2 
B5 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
D5 
3 
6 


Jump 
Unconditional 
JMP 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 
to Subroutine 
JSR 
- 
- 
- 
BD 
2 
7 
CD 
3 
B 
FD 
1 
7 
ED 
2 
B 
DD 
3 
9 


Addressing 
Modes 


Indexed 
Indexed 


Inherent 
fA) 
Inherent 
(X) 
Direct 
INo 
Offset) 
18 Bit 
Ofhet) 


Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Function 
Mnemonic 
Code 
Byte. 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
DEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complemenl 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negale 


(2's 
Complement) 
NEG 
4D 
1 
4 
5D 
1 
4 
30 
2 
6 
7D 
1 
6 
6D 
2 
7 


ROlale 
Left 
Thru 
Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotale 
RIghI Thru 
Carry 
ROR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


Logical 
Shift 
Left 
LSL 
4B 
1 
4 
5B 
1 
4 
3B 
2 
6 
7B 
1 
6 
6B 
2 
7 


LogIcal 
Shift 
RIghi 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


Aflthmellc 
Shift 
RIghi 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Tesl 
tor 
Negallve 


or Zero 
TST 
4D 
1 
4 
5D 
1 
4 
3D 
2 
6 
7D 
1 
6 
6D 
2 
7 


• 


• 


Relative 
Addressing 
Mode 
Op 
# 
# 
Function 
Mnemonic 
Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch IFFHlgher 
8HI 
22 
2 
4 


Branch IFF Lower 
or Same 
BLS 
23 
2 
4 


Branch IFF Carry 
Clear 
BCC 
24 
2 
4 


(BranchlFFHlgher 
or Samel 
18HSI 
24 
2 
4 


Branch 
IFF Carry 
Set 
BCS 
25 
2 
4 


(Branch IFF Lowerl 
IBLOI 
25 
2 
4 


Branch IFF Not Equal 
8NE 
26 
2 
4 


Branch IFF Equal 
8EG 
27 
2 
4 


Branch IFF Half Carry Clear 
BHCC 
28 
2 
4 


Branch IFF Half Carry 
Sel 
BHCS 
29 
2 
4 


BranchlFF 
Plus 
8PL 
2A 
2 
4 


Branch 
IFF Minus 
8MI 
28 
2 
4 


Branch IFF Interupt 
Mask 


Bit IS Clear 
8MC 
2C 
2 
4 


Branch IFF Interrupt 
Mask 


Bit IS Sel 
8MS 
20 
2 
4 


Branch IFF Interrupt 
Line 


IS Low 
81L 
2E 
2 
4 


Branch IFF Interrupt 
Line 


1$ High 
81H 
2F 
2 
4 


Branch to Subroutine 
8SR 
AO 
2 
8 


Addressing 
Modes 


Bit Set/Clear 
Bit Test and Branch 
Op 
# 
# 
Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IFF Bll n IS set 
8RSET 
n In = 0 
71 
- 
- 
- 
2.n 
3 
10 


Branch 
IFF Bit n IS clear 
8RCLR 
n In - 0 
71 
- 
- 
- 
01 
+ 2 en 
3 
10 


Sel 
Btt n 
8SET 
n In = 0 
71 
10 
+ 2 en 
2 
7 
- 
- 
- 


Crear bIt n 
8CLR 
n In = 0 
71 
11 
+ 2 en 
2 
7 
- 
- 
- 


Inherent 
Op 
# 
# 
Function 
Mnemonic 
Code 
Bytes 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
2 


Transfer 
X to A 
TXA 
9F 
1 
2 


Set Carry 
Bit 
SEC 
99 
1 
2 


Clear 
Carry 
Bit 
CLC 
98 
1 
2 


Set Interrupt 
Mask 
Bit 
SEI 
98 
1 
2 


Clear 
Interrupt 
Mask 
Bit 
Cli 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return 
from 
Subroutine 
RTS 
81 
1 
6 


RelUrn 
from 
Interrupt 
RTI 
80 
1 
9 


Reset 
Stack 
POinter 
RSP 
9C 
1 
2 


No-Operation 
Nap 
90 
1 
2 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 


Index.ed 
lndex.ed 
Index.ed 
Set! 
Test 
& 


Mnemonic 
Inherent 
Immediate 
Direct 
Ex.tended 
Relative 
(No 
Offset) 
(B Bits) 
(16 
Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
1\ • 1\ 
1\ 
1\ 


ADD 
X 
X 
X 
X 
X 
X 
" • " " " 
AND 
X 
X 
X 
X 
X 
X 
• • " " • 


ASL 
X 
X 
X 
X 
• • " " " 
ASR 
X 
X 
X 
X 
• • " " 


1\ 


BCC 
X 
• • • • • 
BCLR 
X 
• • • • • 
BCS 
X 
• • • • • 
BEO 
X 
• • • • • 
BHCC 
X 
• • • • • 
BHCS 
X 
• • • • • 
BHI 
X 
• • • • • 


BHS 
X 
• • • • • 


BIH 
X 
• • • • • 


BIL 
X 
• • • • • 


BIT 
X 
X 
X 
X 
X 
X 
• • " " • 


BLO 
X 
• • • • • 


BLS 
X 
• • • • • 


BMC 
X 
• • • • • 


BMI 
X 
• • • • • 


BMS 
X 
• • • • • 


BNE 
X 
• • • • • 


BPL 
X 
• • • • • 


BRA 
X 
• • • • • 


BRN 
X 
• • • • • 


BRCLR 
X 
• • • • " 
BRSET 
X 
• • • • " 
BSET 
X 
• • • • • 


BSR 
X 
• • • • • 


CLL 
X 
• • • • 
0 


CLI 
X 
• 0 • • • 


CLR 
X 
X 
X 
X 
• • 0 , • 


CMP 
X 
X 
X 
X 
X 
X 
• • " " 


1\ 


COM 
X 
X 
X 
X 
• • " 
1\ , 


CPX 
X 
X 
X 
X 
X 
X 
• • " " " 
DEC 
X 
X 
X 
X 
• • " " • 


EOR 
X 
X 
X 
X 
X 
X 
• • " " • 
INC 
X 
X 
X 
X 
• • " " • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 


LOA 
X 
X 
X 
X 
X 
X 
• • " " • 


LOX 
X 
X 
X 
X 
X 
X 
• • " " • 


LSL 
X 
X 
X 
X 
• • " " 
1\ 


LSR 
X 
X 
X 
X 
• • 0 " " 
NEO 
X 
X 
X 
X 
• • " " " 
NOP 
X 
• • • • • 


ORA 
X 
X 
X 
X 
X 
X 
• • " " • 


ROL 
X 
X 
X 
X 
• • 1\ " " 
RSP 
X 
• • • • • 


Conditlon 
Code Symbols: 


H 
Half Carry (From Bit 3) 


I 
Interrupt 
Mask 


N 
NegatIve 
(SIgn Bnl 


Z 
Zero 


C 
Carry/Borrow 


1\ 
Test and Set If True, Cleared Otherwise 


• 
Not Affected 


II 


• 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 


Indexed 
Indexed 
Indexed 
Set! 
Test 
& 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(8 Bits) 
(16 
Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


RTI 
X 
? 
? 
? 
? 
? 


RTS 
X 
• • • • • 
SBC 
X 
X 
X 
X 
X 
X 
• • A 
A 
A 


SEC 
X 
• • • • 
1 


SEI 
X 
• 
1 • • • 
STA 
X 
X 
X 
X 
X 
• • A 
A • 
STX 
X 
X 
X 
X 
X 
• • A 
A • 
SUB 
X 
X 
X 
X 
X 
X 
• • A 
A 
A 


SWI 
X 
• 
1 • • • 
TAX 
X 
•• • • • 
TST 
X 
X 
X 
X 
• • A 
A • 
TXA 
X 
• • • • • 


Condition 
Code Symbols: 


H 
Half Carry (From Bit 31 
I 
Interrupt Mask 
N 
Negative IS,gn Bit) 


Z 
Zero 


C 
Carry/Borrow 


1\ 
Test and Set if True, Cleared Otherwise 


• 
Not Affected 


? 
Load CC Register From Stack 


Bh ••• lioulotion 
Bronch 
_Mod' 
Write 
Control 
R•••• 
or/Momo<v 
I 


~i 
ril:., 


000' 
oo~o 
~, 
.;'.,. 
• il" 
.,~. 
';11 
,:" 
,~, 
,t,o 
1~' 
1~ 
1~' 
11~' 
1111 
~ 


'SRSEJf. 
• 
:: 
SUB •• , 
~ 
~ 
BSE~~r 
BRA 
NEGn •• 
NEqN" 
, 
NE~NH I, NEG", 
• NEG " 
RTI'N" 
SU? •.••.• 
SUBD" 
SU~XT 
SUB,., 
SUB ,. 


R" 
, 


10 
, 
· 
, 
2 
· 


5 
, 
5 
• 
,J" 
BRCL~TO, 
BCL~~r 
BR~"t 
ATSlI.JH 
CMP 
CMP 
CM~XT I, CMP,X? 
CMP 
CMP 
,J" 
, 
,...... 
D'R 
3 
,X, 
, 
,x 


'SRSm 
• 
• 
I' 
SBC 
rJ.. 
BSE~~r 
I, 
BHI." 
SBC 
, 
SBC 
SBC 
SBC 
SBC 
cl,. 
-'T' 
,...... 
o'R 
J 
EXT 
J 
IX? 
'X, , 
'X 
'£, 
· 
, 
• 
• 
, 
, 
11 
2 
· 
I' 
• 
CPX 
.;" 
BRCL~T'. 
BCL~;r 
I, BLS." I, CDMm. 
,CDM~" 
CDM,~" I, COM", 
COM 
SW:NH 
CPX 
2 
CPX 
CPX 
EXT IJ 
CPX,., 
CPX 
~11 
, 
,x 
, 
,...... 
0" 
J 
, , , 
,. 


'SRSEJ1. 
• 
, 
· 
· 


T 
, 


: 
AND 


olfi 


.' 
AND 
• 
AND" 
.;1" 
BSE~~r 
I, 
BCCR" 
., 
LS~TR 
LSA~I.lH 
LSRX 
I, 
LSA11I\ 
LSR 
AN?MU 
AN~XT 
AND", 
0;1" 
, 
, 
, " 
1 
, 
. , 
'X 


'SRCLRl. 
· 
· 
: 
BIT ,x? 
• 
BIT 
,. 
0,5, 
BCL~~r 
I, BCS." 
BI~•.••.• 
, 
BITn,. 
BIT"T 
BIT ,•• 
m~, 


'SRSEli. 
· 
, 
· 
· 


T 
, 
2 
· 


5 
, 
• 
o~ 
BSE~~r 
I, 
BNE." 
I, 
RDRn" 
I ROR~ 
•• 
RDR~N" " 
RDR,., 
RDR ,. 
LOA 
, 
LOA 
LOA 
, 
LOA 
LOA 
LOA 


n~n 
,...... 
o'R 
J 
EXT 
'X 
'X, , 
'X 


'~RCLRi, 
· 
, 
· 
· 
: 
ST AD" 
' 
STA 
nl~l 
BCL~~c 
BED"" I, 
ASRD'R 
ASRA 
ASRX 
I, ASR 
ASR 
TAX 
ST";,XT 
J 
STA,x, 
STA,x, 


01 
7 


\1 
I 
lNH 
, 
'N" 
'X, 
, 
" 
, 
'N" 
, 
'X 


'SRSET;'. 
· 
, 
· 
· 
· 
" 
EDR 
• 
EDR 
,~ 
BSE~~r 
BHC~" 
I., 
LSlntR 
1 LSL~N" 
LSl~N\.l '? 
lSllYl 
LSL 
CLC'N" 
EO~uu 
, 
EOR 


nlR 
EOR"XT 
EOR 
,~ 
, 
, 
'X 
, 
'X 
'X, , 
'X 


'~RCLR:' 


2 
• 
, 
· 
· 
, 
, 
2 
2 
· 
, 
ADC 
• 
ADC 
,~, 
BCL~~c 
BHC~" 
I, 
RDLn'R 
RDLA 
ROL~H 
RDL 
RDL 
SEC 
ADC 
ADC 
ADC 
ADC 
9 
, 
"NH 
, 
i, 
IXI 
, 
'x 
, 
'N" 
2 
,...... 
2 
0" 
J 
EXT 
3 
IX' 
2 
'X, , 
'X 
100' 


BRSETi, 
· 
, 
· 
• 
, 
o 
ORA 
,too 
BSE~~r 
BPLR", I, 
DECnlR 
DECA 
DECX 
" 
DEC 
DEC 
CLI 
ORA 
ORA 
ORA 
ORA 
ORA 
A 
, 
'N" , 
'N" 
'Xl 
, 
'X 
, 
'N" , 
,...... , 
0" 
J 
EXT 
J 
IX2 
2 
'X, , 
'X 
1010 


'~RCLRi. 
· 
: 
ADOnlR 
I" 
ADD 
• 
ADD 
B 
BCL~~r 
BM~" 
SEI 
ADD 
ADD 
ADD 
B 
'" 
, 
'N" 
,...... 
J 
EXT 
3 
IX" , 
'X, , 
'x 
1011 


'SRSElf, 
· 
I" 
· 
· 
, 
, 
JMP . 
, 
JMP 
.' 
JMP 
,fm 
BSE~~r 
BM~" 
I, 
INC01R 
INCA 
INCX 
, 
INC 
INC 
RSP 
JMP 
JMP 
C 
, 
'N" 
1 
'N" 
'Xl , 
'X 
1 
'N" 
2 
'OIR 
3 
EXT 
J 
'x 
2 
'x, 
, 
'X 
1100 


'SRCL~f. 
· 
I" 
TST 
' 
JSR 
• 
JSR 
0 
BCL~~r 
BM~" 
TST~""H 
TSTX 
, 
TST 
TST 
NDP 
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Indexed,2 
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Mnemonic 
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ORDERING 
INFORMATION 
The information required when ordering a custom MCU is 
listed below. The ROM program may be transmitted 
to 
Motorola on EPROMIs) or an MDOS disk file. 
To initiate a ROM pattern for the MCU it is necessary to 
first contact your local Motorola representative or Motorola 
distributor. 


EPROMs 
The MC68705P3 EPROM MCU programmed with 
the 
customer program may be used to submit the ROM pattern. 
Note that while the MC6805P6 has 1796 bytes of ROM, the 
MC68705P3contains 1.8K of EPROM memory. 
The MCM2716 or MCM2532 type EPROMs, programmed 
with the customer program Ipositive logic sense for address 
and data), may be submitted fO' pattern generation. The 
EPROM must be clearly marked to indicate which EPROM 
corresponds to which address space. The recommended 
marking procedure is illustrated below' 


After the EPROMIs) are marked, they should be placed in 
conductive Ie carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 
All original pattern media IEPROMs or floppy dlskl are 
filed for contractual purposes and are not returned. A com- 


puter listing of the ROM code will be generated and returned 
along with a listing verification form 
The listing should be 
thoroughly 
checked and the verification 
form completed, 
signed, and returned to Motorola. 
The signed verification 
form constitutes the contractual agreement for creation of 
the customer mask. If deSired, Motorola will program on 
blank EPROM from the data file used to create the custom 
mask and aid in the verification process 


ROM VERIFICATION UNITS (RVUs) 
Ten MCUs containing the customer's ROM pattern will be 
sent for program verification. 
These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production pans. The RVUs are 
thus not guaranteed by Motorola 
Quality Assurance and 
should be discarded after ,verification is completed. 


FLEXIBLE DISKS 
The disk media submitted must be single-sided, single- 
density, 8-inch, MDOS compatible floppies. The customer 
must write the binary file name on the disk with a felt-tip 
pen. The minimum MDOS system files as well as the ab- 
solute binary object file (filename LO type of file) from the 
M6805 cross assembler must be on the disk. An object file 
made from a memory dump using the ROLLOUT command 
is also acceptable. Consider submitting a source listing as 
well as the following files: filename, LX (EXORciser loadable 
format) and filename, SA (ASCII Source Code). These files 
will of course be kept confidential and are used 1) to speed 
up the process in-house if any problems arise, and 2) to 
speed up the user-to-factory 
interface if the user finds any 
software errors and needs assistance quickly from Motorola 
factory representatives. 
MDOS is Motorola's Disk Operating system available on 
development systems such as EXORciser, EXORset, etc. 


Internal 
Clock 
PackageType 
FrequencyIMHz) 
Temperature 
Generic Number 


Ceramic 
10 
aoc to 700e 
MC6805P6L 
L SuffiX 
1.5 
O'C to 70'C 
MC68A05P6L 
20 
aoc to 700e 
MC68B05P6L 


PlastiC 
10 
O'C to 70'C 
MC6805P6P 
P Suffix 
1.5 
aoc to 700e 
MC68A05P6P 
2.0 
aoc to lQoe 
MC68B05P6P 


Cerdip 
10 
O'C to 70'C 
MC6805P6S 
P Suffix 
15 
aoc to lOoe 
MC68A05P6S 
2.0 
O'C to 70'C 
MC68B05P6S 


Address 
MC 
_ 


SC 
_ 


OPTION LIST 


Select the options for your MCU from the following 
list A 
manufacturing 
mask will be generated from this information. 


Timer Clock Source 
o Internal <1>2clock 
o TIMER Input pin 


Internal Oscillator Input 
o Crystal 
o Resistor 


Timer 
Prescaler 
o 2° (divide by 11 
o 2' (divide by 21 
o 2' (divide by 41 
o 2' (divide by 81 
o 2' (divide by 161 
o 2' (divide by 321 
o 2' (divide by 64) 
o 2' (divide by 1281 


Low Voltage Inhibit 
o Disable 
o Enable 


Port A Output Drive 
o CMOS and TTL 
o TTL Only 


Internal Clock Frequency 
00.1 
to 1.0 MHz 


00.1 
to 1.5 MHz 
o 0.1 to 2.0 MHz 


Port B Output 
Drive 
o TTL 
o Open Drain 


Pattern MedIa (All other medIa requIres prior factory approval.) 


o EPROMs fMCM2716 or MCM2532) 
o EPROM MCU fMC68705P3) 
o Floppy Disk 
o Other 
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SECTION 
1 
INTRODUCTION 


The M6805 Family of low-cost 
single-chip 
microcomputers 
was designed 
for the user who needs an 
economical 
microcomputer 
with 
the proven 
capabilities 
of the M6800-based 
instruction 
set. This 
rapidly 
expanding 
family 
includes 
a number 
of memory 
and package 
sizes with 
various 
1/0 func- 
tions 
in both 
HMOS 
and CMOS. 


This document 
describes the eight 8-bit high-density 
N-channel 
silicon-gate 
microcomputers 
which 
comprise 
the MC68(7l05R/U 
series. These devices are listed below: 


MC6805R2 
MC6805R3 
MC68705R3 
MC68705R5 


MC6805U2 
MC6805U3 
MC68705U3 
MC68705U5 


These eight devices are 8-bit 
high-density 
N-channel 
silicon-gate 
microcomputers. 
They are avail- 
able in 40-pin 
dual-in-line 
packages. 


The following 
tables summarize 
the hardware 
and software 
features 
of each device. 
Differences 


between 
the devices will be highlighted 
throughout 
this document 
when 
applicable. 


MC6805R2 
MC6805R3 
MC6805U2 
MC6805U3 
MC68705R3 
MC68705U3 
MC68705R5 
MC68705U5 


24 Bidirectional 


110 Lines 
X 
X 
X 
X 
X 
X 
X 
X 


Eight Input-Only 
Lines 
X 
X 
X 
X 
X 
X 
X 
X 


AID 
Converter 
X 
X 
- 
- 
X 
- 
X 
- 


User ROM (Bytes) 
2048 
3776 
2048 
3776 
- 
- 
- 
- 


User EPROM 
(Bytes) 
- 
- 
- 
- 
3776 
3776 
3776 
3776 


RAM 
(Bytes) 
64 
112 
64 
112 
112 
112 
112 
112 


Self-Check 
Mode 
X 
X 
X 
X 
- 
- 
- 
- 


Zerol Crossing 


Detect/Interrupt 
X 
X 
X 
X 
X 
X 
X 
X 


Timer with 7-Bit 


Prescaler 
X 
X 
X 
X 
X 
X 
X 
X 


Programmable 


Prescaler 
- 
- 
X 
X 
X 
X 
X 
X 


5-Volt 
Single 
Supply 
X 
X 
X 
X 
X 
X 
X 
X 


Memory 
Mapped 
1/0 
X 
X 
X 
X 
X 
X 
X 
X 


On-Chip 
EPROM 


Programmer 
- 
- 
- 
- 
X 
X 
X 
X 


EPROM 
Security 


Feature 
- 
- 
- 
- 
- 
- 
X 
X 


MC6805R2 
MC6805R3 
MC6805U2 
MC6805U3 
MC68705R3 
MC68705U3 
MC68705R5 
MC68705U5 


Addressing 
Modes 
10 
10 
10 
10 
10 
10 
10 
10 


Byte Efficient 
Instruction 
Set 
X 
X 
X 
X 
X 
X 
X 
X 


True Bit Manipulation 
X 
X 
X 
X 
X 
X 
X 
X 


Bit Test and Branch 
Instructions 
X 
X 
X 
X 
X 
X 
X 
X 


Versatile Interrupt 


Handling 
X 
X 
X 
X 
X 
X 
X 
X 


Versatile Index 


Register 
X 
X 
X 
X 
X 
X 
X 
X 


Powerful 
Indexed 


Addressing for 
Tables 
X 
X 
X 
X 
X 
X 
X 
X 


Full Set of Condi- 


tional Branches 
X 
X 
X 
X 
X 
X 
X 
X 


Memory 
Usable as 


Registersl Flags 
X 
X 
X 
X 
X 
X 
X 
X 


Single Instruction 
Memory 
Examine/ 


Change 
X 
X 
X 
X 
X 
X 
X 
X 


User Callable 
Self- 


Check Subroutines 
X 
X 
X 
X 
- 
- 
- 
- 


Complete 
Develop- 


ment System Sup- 
port on EXORciser 
X 
X 
X 
X 
X 
X 
X 
X 


Supported 
by 


EPROM Version 
X 
X 
X 
X 
- 
- 
- 
- 


Every M6805 Family microcomputer 
contains 
hardware 
common 
to all versions, 
plus a combination 
of options 
unique 
to a particular 
version. 
Figures 
1-1 through 
1-6 illustrate 
the unique 
options 
available 
on the eight versions 
described 
in this document. 
• 
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Figure 1-1. MC6805R2 
Block Diagram 
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Figure 1-2. MC6805U2 
Block Diagram 
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SECTION 2 
SIGNAL 
DESCRIPTION 


The 
following 
paragraphs 
contain 
brief 
descriptions 
of 
the 
input 
and 
output 
signals. 
Where 
applicable 
reference 
has been made to other sections 
that contain 
more detail about 
the function 
being performed. 


2.1 
VCC AND VSS 


Power 
is supplied 
to the 
microcomputers 
using 
these two 
pins. 
VCC is power 
and VSS 
is the 
ground 
connection. 


This pin provides 
the capability 
for asynchronously 
applying 
an external interrupt 
to the microcom- 
puter. 
Refer to SECTION 
7 RESET, CLOCK, AND 
INTERRUPT 
STRUCTURE 
for additional 
infor- 
mation 
regarding 
the interrupt 
operation. 


These pins provide 
control 
input for the on-chip 
clock oscillator 
circuit. 
A crystal, 
a resistor, 
or an 
external 
signal, 
depending 
on user selectable 
manufacturing 
mask option, 
can be connected 
to 
these pins to provide 
a system 
clock with 
various 
degrees of stability/ 
cost tradeoffs. 
Lead length 
and 
stray 
capacitance 
on these 
two 
pins 
should 
be minimized. 
Refer to SECTION 
7 RESET, 
CLOCK, AND 
INTERRUPT 
STRUCTURE 
for recommendations 
about 
these inputs. 


This 
pin 
is used 
as an external 
input 
to 
control 
the 
internal 
timer/counter 
circuitry. 
On the 
MC68705R3, 
MC68705U3, 
MC68705R5, 
and MC68705U5 
versions, 
this pin also detects 
a higher 
voltage 
level used to initiate 
the bootstrap 
program 
for loading 
the internal 
EPROM (see SECTION 
10 SOFTWARE). 
On the MC6805R2, 
MC6805U2, 
MC6805R3, 
and MC6805U3 this pin also detects a 
higher voltage 
level used to initiate 
the self-test 
program 
(see SECTION 
6 SELF CHECKl. 


This pin has a Schmitt 
trigger 
input and an on-chip 
pullup. 
The microcomputer 
can be reset by pull- 
ing RESET 
low. 
Refer to SECTION 
7 RESET, CLOCK, AND 
INTERRUPT 
STRUCTURE 
for addi- 
tional 
information. 


• 


• 


2.6 
NUM 
(NON-USER 
MODE) 


Pin 7 of the MC6805R2 
and MC6805U2 
is identified 
as NUM 
(non-user 
model. 
This pin is not for 
user application 
and must be connected 
to VSS. 


2.7 Vpp 


This pin is used when 
programming 
the EPROM versions 
(MC68705R3. 
MC68705U3, 
MC68705R5, 


and MC68705U5). 
By applying 
the programming 
voltage to this pin, one of the requirements 
is met 
for programming 
the EPROMs. 
In normal 
operation, 
this pin is connected 
to VCc. 
Refer to SEC- 


TION 9 MASK 
OPTIONS 
AND 
PROGRAMMING 
for more detailed 
information. 


2.8 
INPUT/OUTPUT 
LINES (PAD-PA7, 
PBO-PB7, PCO-PC7, PDO-PD7) 


These 32 lines are arranged 
into four 8-bit ports (A, B, C, and D). Ports A, B, and C are program- 
ming as either inputs 
or outputs 
under software 
control 
of the data direction 
registers. 


For the MC6805U2, 
MC6805U3, 
MC68705U3, 
and MC68705U5 
port D is for digital input only and bit 
6 may be used for a second 
interrupt 
(Jl\IT21. 
Refer to SECTION 
7 RESET, CLOCK, 
AND 
INTER- 


RUPT STRUCTURE 
and SECTION 
8 INPUT/OUTPUT 
CIRCUITRY 
AND 
ANALOG-TO-DIGITAL 
CONVERTER 
for additional 
information. 


For the MC6805R2, 
MC6805R3, 
MC68705R3, 
and MC68705R5 port D has up to four analog inputs, 
plus 
two 
voltage 
reference 
inputs 
when 
the 
analog-to-digital 
converter 
is used 
(PD5/VRH, 
PD4/VRU 
and an INT2 input. 
All port D lines can be read directly 
and used as binary inputs. 
If any 
analog 
input 
is used, then the voltage 
reference 
pins (PD5/VRH, 
PD4/VRU 
must be used in the 
analog mode. Refer to SECTION 7 RESET, CLOCK, AND INTERRUPT 
STRUCTURE 
and SECTION 
8 INPUT/OUTPUT 
CIRCUITRY 
AND ANALOG-TO-DIGITAL 
CONVERTER 
for additional 
informa- 


tion. 


SECTION 3 
MEMORY 
CONFIGURATIONS 


Each member 
of the MC68(7)05R/U 
series of microcomputers 
is capable of addressing 
4096 bytes 
of memory 
and I/O registers. 
The memory 
maps for the eight versions of the M6805 Family describ- 
ed in this document 
are shown 
in Figures 3- 1 through 
3-6. The amount 
of ROM, EPROM, and RAM 
for each device is detailed 
in 1.1 DEVICE FEATURES. 


The memory 
map for the MC6805U2 
is shown 
in Figure 3- 1. From $FF8 to $FFF are the interrupt 


and RESET vectors. 
A self-check 
ROM occupies 
192 bytes from 
$F38 to $FF7. The user ROM is 


0 
7 
6 
5 
4 
3 
2 
1 
0 
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sooo 
1/0 
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0 
Port A Data Register 
SOOO 


Timer 
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Page 
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Access with 
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11288ytes) 
S07F 
Port C Data Register 
$002 
Short 
128 
S080 
Port 0 Data Register 
Instructions 
Page-Zero 
3 
S003 


User 
ROM 
4 
PortA 
OOR* 
SOO4* 
1128 Bytes) 
Port 
B OOR* 
255 
SOFF 
SOO6* 


256 
S100 
6 
Port C OOR* 
SOO6* 
Not 
Used 
\ 


7 
Not 
Used 
11728 Bytes) 
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1983 
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Timer 
Data Register 
SOO6 
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S7CO 
g 
Timer Control 
Register 
SOO8 
Main User 
ROM 
10 
Miscellaneous 
Register 
SOOA 


11912 Bytesl 
11 
SOOB 


3895 
SF37 
15 
Not Used 
SOOF 
3896 
SF38 
16 
S020 
Self-Check 
ROM 
Reserved 


1192 Bytes) 
148 8ytes) 


4087 
- - - - 


SFF7 


4088 
SFF8 
S03F 


4089 
Timer Interrupt 
SFF9 
RAM 
S040 


4090 
- - - -- 
SFFA 
164 Bytes) 


Interrupt 
4091 
External Interrupt 
SFF8 
Vectors 
4092 
SFFC 
SWI 
4093 
SFFO 


4094 
SFFE 


4095 
RESET 
SFFF 


S07F 


divided 
into two 
portions 
located 
from $080 to $OFF and $7CO to $F37. The portioning 
allows 
128 
bytes of ROM to be addressed 
with 
direct 
instructions. 
A RAM area of 64 bytes occupies 
$040 to 
$07F. Only the 31 bytes from $061 to $07F can be used for the stack RAM due to the limitation 
im- 


posed 
by the 5-bit 
stack 
pointer. 
The data direction, 
peripheral 
data, 
timer, 
and 
miscellaneous 


registers 
are located 
from 
$()()() to $OOF. 


The memory 
map for the MC6805R2 is shown 
in Figure 3-2 and is identical 
to the MC6805U2 except 
that 
two 
additional 
registers, 
the analog-to-digital 
control 
register 
and the analog-to-digital 
result 
register, 
have been added at locations 
$OOEand $OOF, respectively. 
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·Caution: 
Data 
direction 
registers 
(DDRs) 
are write-only; 
they 
read as SFF. 


Figure 3-2. MC6805R2 
Memory Map 


3.3 
MC6805U3 
MEMORY 
MAP 


The memory 
map for the MC6805U3 
is shown 
in Figure 3-3. The MC6805U3 
has an expanded 
ROM 
and RAM area over the MC6805U2. 
The user ROM in the MC6805U3 
consists 
of 3768 bytes from 
$080 to $F37. The RAM is expanded 
to 112 bytes from $010 to $07F. All other registers remain iden- 


tical to the MC6805U2. 
The 5-bit stack pointer still allows only 31 bytes of RAM to be used as stack 


area. 
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•.Caution: 
Data direction 
registers 
(DORs) are write-only; 
they read as SFF. 


Figure 3-3. MC6805U3 
Memory 
Map 


The memory 
map for the MC6805R3 is shown 
in Figure 3-4 and is identical 
to the MC6805U3 except 
that two 
additional 
registers, 
the analog-to-digital 
control 
register 
and the analog-to-digital 
result 
register, 
have been added at locations 
$OOEand $OOF, respectively. 
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* Caution: 
Data direction registers IOORsl 
are write-only; 
they read as SFF. 


Figure 3-4. MC6805R3 
Memory 
Map 


The memory 
maps for the MC68705U3 and MC68705U5 are shown 
in Figure 3-5 and are identical 
to 
the masked programmed 
equivalent, 
the MC6805U3, 
with 
respect to RAM, 
ROM, 1/0, 
special pur- 


pose registers, 
and interrupt 
and RESET vectors. 
The ROM area ($080 to $F37l of the MC68705U3 


and MC68705U5 
is an ultraviolet 
erasable EPROM. 


A bootstrap 
ROM is located between 
$F39 and $FF7 which 
allows the MC68705U3 and MC68705U5 
to program 
their own 
EPROMs. 
The bootstrap 
is a mask programmed 
ROM. 


At location 
$F38 is the mask option 
register (MOR) which 
is an EPROM byte. 
It allows the user to 
set up the MC68705U3 and the MC68705U5 for a crystal or RC oscillator, 
set the timer prescaler, 
the 
clock source, etc. In addition, 
the mask option 
register allows the user to select the secure mode of- 


fered by the MC68705U5. 
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sFF9 
4090 
External Interrupt 
sFFA 


Stack 
Interrupt 
4091 
sFFB 
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·Caution: 
Data 
direction 
registers 
(DDRs) 
are write-only; 
they read as SFF. 


Figure 3-5. MC68705U3 
and MC68705U5 
Memory Map 


3.6 
MC68705R3 
and MC68705R5 
MEMORY 
MAP 


The memory 
maps for the MC68705R3 and MC68705R5 are shown 
in Figure 3-6 and are identical 
to 
the MC68705U3 
and MC68705U5 
except that two additional 
registers, 
the analog-to-digital 
control 
register 
and 
the analog-to-digital 
result 
register 
have been added 
at locations 
$OOE and 
$OOF, 


respectively. 


The MC68705U3/MC68705U5 
and MC68705R3/MC68705R5 
are intended 
to exactly 
emulate 
the 


MC6805U3 
and MC6805R3 
respectively. 
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3968 
Bootstrap 
13 
Not Used 
$ooD 


ROM 


4087 
1120 Byles) 
$FF7 
A/ D Control 
Register 
$ooE 
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* Caution: Data direction registers (DDRsl 
are write-only; 
they read as SFF. 


Figure 3-6. MC68705R3 
and MC68705R5 
Memory Map 


3.7 
SHARED 
STACK 
AREA 


The shared stack area (RAM 
locations 
$061-$07Fl 
is used during 
the processing 
of an interrupt 
or 
subroutine 
call to save the contents 
of the central 
processing 
unit state. The register contents 
are 
pushed onto the stack in the order shown 
in Figure 3-7. Since the stack pointer 
decrements 
during 
pushes, 
the low order byte (PCL) of the program 
counter 
is stacked 
first, 
then the high order four 
bits (PCH) are stacked. 
This ensures that the program 
counter 
is loaded correctly 
during 
pulls from 
the stack since the stack pointer 
increments 
when 
it pulls data from 
the stack. 
A subroutine 
call 
results in only the program 
counter 
(PCL, PCHl contents 
being pushed onto the stack; the remain- 


ing CPU registers are not pushed. 
The shared stack area must be used with care when it is used for 
data storage or temporary 
work 
locations 
to protect 
it from being overwritten 
due to stacking 
from 
an interrupt 
or subroutine 
call. 
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0 
Pull 


1 


n-4 
Condition Code Register 
n+1 
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n-3 
Accumulator 
n+2 


n-2 
n+3 


n-l 
PCH" 
n+4 


PCL" 
n+5 


Push 


The central 
processing 
unit for the M6805 Family is implemented 
independently 
from 
the I/O 
or 
memory 
configuration. 
Consequently, 
it can be treated 
as an independent 
central 
processor 
com- 
municating 
with 
I/O and memory 
via internal 
address, 
data, and control 
buses. 
• 


• 


SECTION 4 
PROGRAMMABLE 
REGISTERS 


The M6805 Family CPU has five registers available to the programmer. 
They are shown 
in Figure 4-1 


and are explained 
in the following 
paragraphs. 


7 
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A 
I Accumulator 


7 
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11 
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7 
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Program Counter 
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54 
a 


101010101011111 
sp 
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Carry/Borrow 


Zero 


egat1ve 


Interrupt 
Mask 


Half Carry 


The accumulator 
is a general purpose 8-bit register used to hold operands 
and results of arithmetic 
calculations 
or data manipulations. 


The index register 
is an 8-bit 
register 
used for the indexed 
addressing 
mode. 
It contains 
an 8-bit 
value that may be added to an 8- or 16-bit immediate 
value to create an effective 
address. The index 
register 
may also be used as a temporary 
storage 
area. 


4.4 
STACK 
POINTER 
(SP) 


The stack pointer 
is a 12-bit register that contains 
the address of the next free location 
on the stack. 
During an MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer 
is set to location 
$07F. The stack pointer 
is then decremented 
as data is pushed onto the stack and incremented 
as 
data is pulled from the stack. 
The seven most significant 
bits of the stack pointer 
are permanently 
set to CXXlOO11.Subroutines 
and interrupts 
may be nested down 
to location 
$061 (31 bytes maxi- 
mum) which 
allows the programmer 
to use up to 15 levels of subroutine 
calls (less if interrupts 
are 
allowed). 


The condition 
code register is a 5-bit register in which 
four bits are used to indicate the results of the 
instruction 
just executed. 
These bits can be individually 
tested 
by a program 
and specific 
action 
taken as a result of their state. 
Each bit is explained 
in the following 
paragraphs. 


4.5.1 
Half Carry (H) 


Set during 
ADD 
and ADC 
operations 
to indicate 
that a carry occurred 
between 
bits 3 and 4. 


4.5.2 
Interrupt 
(I) 


When 
this bit is set, the timer and external 
interrupts 
(INT and INT2) are masked (disabled). 
If an 
interrupt 
occurs while this bit is set, the interrupt 
is latched and is processed as soon as the interrupt 
bit is cleared. 


4.5.3 
Negative 
(N) 


When 
set, this bit indicates 
that the result of the last arithmetic, 
logical, 
or data manipulation 
was 
negative 
(bit 7 in the result is a logic one). 


When 
set, this bit indicates 
that the result of the last arithmetic, 
logical, 
or data manipulation 
was 
zero. 


4.5.5 
Carry/Borrow 
IC) 


When 
set, this bit indicates 
that a carry or borrow 
out of the arithmetic 
logical unit (ALU) occurred 
during 
the last arithmetic 
operation. 
This bit is also affected 
during 
bit test and branch instructions 
plus shifts 
and rotates. 
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SECTION 
5 
TIMER 


The following 
paragraphs 
describe 
the timer 
circuitry 
for the eight 
versions 
of the M6805 Family 
found 
in this document. 
Note that while 
each timer 
consists 
of an a-bit software 
programmable 
counter 
driven 
by a 7-bit prescaler 
there are three distinctly 
different 
configurations 
(Figures 
5-1, 
5-2, and 5-3l. 


The timer circuitry 
for the MC6805R2 and MC6805U2 
microcomputers 
is shown 
in Figure 5-1. The 
8-bit counter 
may be loaded under program 
control 
and is decremented 
toward 
zero by the clock in- 


put (or prescaler output). 
When 
the timer reaches zero, the timer interrupt 
request bit (bit 7) in the 
timer control 
register (TCR) is set. The timer interrupt 
can be masked (disabled) 
by setting 
the timer 
interrupt 
mask bit (bit 6) in the TCR. 
The interrupt 
bit (I bit) in the condition 
code 
register 
also 
prevents 
a timer interrupt 
from being processed. 
The MCU responds 
to this interrupt 
by saving the 
present 
CPU state on the stack, 
fetching 
the timer interrupt 
vector 
from 
locations 
$FF8 and $FF9 
and executing 
the interrupt 
routine 
(see SECTION 
7 RESET, CLOCK, 
AND 
INTERRUPT 
STRUC- 
TURE). The timer interrupt request bit must be cleared by software. 
The TI M ER and INT2 share the 
same interrupt 
vector. 
The interrupt routine must check the request bits to determine the source of 
the interrupt. 


The clock input to the timer can be from an external source (decrementing 
of timer counter 
occurs 
on a positive transition 
of the external source) applied to the TIMER input pin, or it can be the inter- 
nal phase two signal. 
Three machine 
cycles are required for a change 
in state of the TIMER 
pin to 


TIMER 
Input 


Pin 


r------ .• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
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ManufactUring 
Mask Options 


decrement 
the timer prescaler. 
The maximum 
frequency 
of a signal that can be recognized 
by the 
TIMER pin logic is dependent 
on the parameter 
labeled tWL. 
tWH. 
The pin logic that recognizes the 
high state on the pin must also recognize 
the low state on the pin in order to "re-arm" 
the internal 
logic. 
Therefore, 
the period 
can be calculated 
as follows 
(assumes 
50/50 
duty 
cycle for a given 
period): 


tcyc x 2 + 250 ns = period = -f1req 


The period 
is not simply 
tWL + tWH. 
This computation 
is allowable. 
but it does reduce the maxi- 
mum allowable 
frequency 
by defining 
an unnecessarily 
longer period (250 nanoseconds 
times two!. 


When 
the phase two signal is used as the source. 
it can be gated by an input applied to the TIMER 
input pin allowing 
the user to easily perform 
pulse-width 
measurements. 
The source of the clock in- 
put is one of the mask options 
that 
is specified 
before manufacture 
of the MCU. 


NOTE 


For ungated 
phase two clock input to the timer prescaler. 
the TIMER pin should be tied to 


VCC· 


A prescaler option, 
divide by 2n• can be applied to the clock input that extends 
the timing 
interval 
up to a maximum 
of 128 counts 
before decrementing 
the counter. 
This prescaling 
mask option 
is 
also specified 
before manufacture. 
To avoid truncation 
errors. the prescaler is cleared when bit 3 of 
the timer control 
register 
is written 
to a logic one (this bit always 
reads a logic zero). 


The timer continues 
to count 
past zero, falling 
through 
to $FF from 
$00 and then continuing 
the 
countdown. 
Thus. 
the counter 
can be read at any time by reading 
the timer data register 
(TOR!. 


This allows a program 
to determine 
the length of time since a timer interrupt 
has occurred. 
and not 
disturb 
the counting 
process. 


At power up or reset, the prescaler and counter 
are initialized 
with all logic ones; the timer interrupt 
request 
bit (bit 7) is cleared and the timer interrupt 
mask bit (bit 6) is set. 


The timer circuitry 
for the MC6805R3/ MC6805U3 
microcomputers 
is shown 
in Figure 5-2. The timer 
contains 
a single 8-bit software 
programmable 
counter 
with 7-bit software 
selectable 
prescaler. 
The 
counter 
may be preset 
under 
program 
control 
and decrements 
toward 
zero. When 
the counter 
decrements 
to zero. the timer interrupt 
request bit. i.e .• bit 7 of the timer control 
register (TCR). 
is 
set. Then if the timer interrupt 
is not masked. 
i.e., 
bit 6 of the TCR and the I bit in the condition 
code register are both cleared. 
the processor 
receives an interrupt. 
After 
completion 
of the current 
instruction, 
the processor 
proceeds to store the appropriate 
registers on the stack, and then fetches 
the timer 
interrupt 
vector 
from 
locations 
$FF8 and $FF9 in order to begin servicing 
the interrupt. 


The counter 
continues 
to count 
after it reaches zero. allowing 
the software 
to determine 
the num- 


ber of internal or external input clocks since the timer interrupt 
request bit was set. The counter 
may 
be read at any time by the processor 
without 
disturbing 
the count. 
The contents 
of the counter 
become stable prior to the read portion 
of a cycle and do not change during the read. The timer in- 


terrupt 
request bit remains set until cleared by the software. 
If a write occurs before the timer inter- 


rupt 
is serviced, 
the interrupt 
is lost. 
TCR7 may also be used as a scanned 
status 
bit in a non- 
interrupt 
mode of operation 
(TCR = 1). 


II 


• 


NOTES: 
1. The prescaler and 8-bit counter are clocked on the rising edge of the internal clock (phase two) or external input. 
2. The counter is written 
to during data strobe (OS) and counts down continuously. 


The prescaler is a 7-bit divider which 
is used to extend the maximum 
length of the timer. 
Bit 0, bit 1, 


and bit 2 of the TCR are programmed 
to choose the appropriate 
prescaler output 
which 
is used as 


the counter 
input. 
The processor 
cannot write into or read from the prescaler; 
however, 
its contents 
are cleared to all zeros by the write 
operation 
into TCR when 
bit 3 of the written 
data equals one, 


which 
allows 
for truncation-free 
counting. 


The 
timer 
input 
can 
be configured 
for 
three 
different 
operating 
modes, 
plus 
a disable 
mode, 
depending 
on the value written 
to the TCR4 and TCR5 control 
bits. 
Refer to 5.2.5 Timer 
Control 
Register 
(TeR) 
for further 
information. 


5.2.1 
Timer 
Input 
Mode 
1 


If TCR5 and TCR4 are both programmed 
to a zero, the input 
to the timer is from an internal 
clock 
and the external TIMER input is disabled. 
The internal clock mode can be used for periodic 
interrupt 
generation, 
as well as a reference 
in frequency 
and event measurement. 
The internal clock is the in- 


struction 
cycle clock. 


5.2.2 
Timer 
Input 
Mode 2 


With 
TCR5= ° and TCR4= 
1, the internal 
clock and the TIMER 
input 
pin are ANDed 
to form 
the 
timer input signal. This mode can be used to measure external 
pulse widths. 
The external 
timer in- 
put pulse simply 
turns on the internal 
clock 
for the duration 
of the pulse widths. 


5.2.3 
Timer 
Input 
Mode 3 


If TCR5= 
1 and TCR4=0, 
then all inputs 
to the timer are disabled. 


5.2.4 
Timer 
Input 
Mode 4 


If TCR5= 
1 and TCR4= 
1, the internal 
clock input to the timer is disabled and the TIMER input pin 


becomes 
the input to the timer. The external TIMER pin can, in this mode, be used to count 
exter- 


nal events as well as external 
frequencies 
for generating 
periodic 
interrupts. 


TCR7 
- Timer 
interrupt 
request 
bit: indicates 
the timer interrupt 
when 
it is a logic one. 
1- Set whenever 
the counter 
decrements 
to zero, or under program 
control. 


0- 
Cleared on external 
reset, power-on 
reset, or program 
control 
(write). 


TCR6 
- Timer 
interrupt 
mask bit: inhibits 
the timer interrupt 
to the processor, 
when 
this bit is a 
logic one. 
1- Set on external 
reset, power-on 
reset, or program 
control. 


0- 
Cleared under 
program 
control. 


TCR5 
- 
External or internal 
bit: selects the input clock source to be either the external TIMER pin 
or the internal 
clock 
(unaffected 
by RESET). 


1- Select external 
clock source. 
Set to a logic one on external 
reset, power-on 
reset, or 
program 
control. 


0- 
Select internal 
clock source 
(phase two). 
Cleared under program 
control. 


TCR4 
- 
External 
enable 
bit: 
control 
bit used to enable 
the external 
TIMER 
pin (unaffected 
by 
RESET). 
1- 
Enable external TIMER pin. Set on external reset, power-on 
reset, or program 
control. 


0- 
Disable external 
TIMER 
pin. Cleared under program 
control. 


TCR5 
o 
1 


1 


1 


TCR4 
o 
1 
o 
1 


Internal 
clock to timer 
AND 
of internal 
clock and TIMER 
pin to timer 
Input to timer disabled 
TIMER 
pin to timer 


TCR3 
- Timer prescaler 
reset bit: writing 
a one to this bit resets the prescaler to zero. A read of 
this location 
always 
indicates 
a zero (unaffected 
by fiESET). 


TCR2, TCR1, and TCRO - 
Prescaler address 
bits: decoded 
to select one of eight 
outputs 
of the 
prescaler 
(set to all ones by RESET). 


TCR2 
TCR1 
TCRO 
Result 
0 
0 
0 
+1 
0 
0 
1 
+2 
0 
1 
0 
+4 
0 
1 
1 
+8 


TCR2 
TCR1 
TCRO 
Result 


1 
0 
0 
+16 
1 
0 
1 
+32 
1 
1 
0 
+64 
1 
1 
1 
+128 
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5.3 
MC68705R3/MC68705U3 
AND 
MC68705R5/MC68705U5 
TIMER 
CIRCUITRY 


The timer for the MC68705R3 and MC68705U3 
microcomputers 
is shown 
in Figure 5-3 and the timer 
for the MC68705R5 and MC68705U5 
microcomputers 
is shown 
in Figure 5-4. The timer for all four 
devices contains 
an 8-bit software 
programmable 
counter 
which 
is driven by a 7-bit prescaler with 
one-of.eight 
selectable 
outputs. 
Various timer clock sources may be selected ahead of the prescaler 
and counter. 
The timer selections 
are made via the timer control 
register (TCR) and/ or the mask op- 
tion register (MOR). 
The TCR also contains 
the interrupt 
control 
bits. Note that the MC68705R5 and 
MC68705U5 
offer 
a secure/non-secure 
mode option 
which 
is implemented 
through 
bit 3 of the 
mask option 
register (refer to SECTION 9 MASK OPTIONS AND PROGRAMMING 
for further 
infor- 
mation 
regarding 
the secure/ non-secure 
mode option). 


The 8-bit 
counter 
may be loaded 
under 
program 
control 
and is decremented 
toward 
zero by the 
counter 
input frequency 
(fCIN) input (output 
of the prescaler selector). 
Once the 8-bit counter 
has 
decremented 
to zero, it sets the TIR (timer interrupt 
request) bit 7 (b7 of TCR). The TIM (timer inter- 
rupt mask) bit (b6) can be software 
set to inhibit 
the interrupt 
request, 
or software 
cleared to pass 
the interrupt 
request to the processor. 
When 
the I bit in the condition 
code register is cleared, 
the 
processor 
receives the timer interrupt. 
The MCU responds 
to this interrupt 
by saving the present 
CPU state 
on the stack, 
fetching 
the timer 
interrupt 
vector 
from 
locations 
$FF8 and $FF9. and 
executing 
the interrupt 
routine. 
The processor 
is sensitive to the level of the timer interrupt 
request 
line; 
therefore 
if the interrupt 
is masked, 
the TIR bit may be cleared 
by software 
(e.g .. BCLR) 
without 
generating 
an interrupt. 
The Tl R bit must be cleared by the timer interrupt 
service routine to 
clear the timer 
interrupt 
request. 


The timer interrupt 
and fNTI share the same interrupt 
vector. 
The interrupt 
routine thus must check 
the two 
request 
bits to determine 
the source 
of the interrupt. 


The counter 
continues 
to count 
(decrement) 
by falling through 
to SFF from zero. Thus. the counter 
can be read at any time by the processor 
without 
disturbing 
the count. 
This allows 
a program 
to 
determine 
the length 
of time since the occurrence 
of a timer 
interrupt 
and does not disturb 
the 
counting 
process. 


The clock input to the timer can be from an external source (decrementing 
the counter 
occurs on a 
positive 
transition 
of the external 
source) 
applied to the TIMER input 
pin, or it can be the internal 
phase two signal. The maximum 
frequency 
of a signal that can be recognized 
by the TIMER or fliJT 
pin logic is dependent 
on the parameter 
labeled tWL. 
tWH. 
The pin logic that recognizes 
the low (or 
high) state on the pin in order to "re-arm" 
the internal logic. Therefore. 
the period can be calculated 
as follows 
(assumes 50/50 
duty cycle for a given period): 


tcyc x 2 + 250 ns = period =-f1req 


The period 
is not simply 
tWL + tWH. 
This computation 
is allowable, 
but it does reduce the maxi- 
mum allowable 
frequency 
by defining 
an unnecessarily 
longer period 
(250 nanoseconds 
twice). 


When 
the phase two signal is used as the source, 
it can be gated by an input applied to the TIMER 
pin allowing 
the user to easily perform 
pulse width 
measurements. 
The source of the clock input is 
selected 
via the TCR or the MOR as described 
later. 


TImer Control Register Bits: 


TlR - Timer Interrupt Request Status 
TIM - Timer Interrupt Mask 
TIN - Timer Input Select 
TIE- 
Timer External Input Enable 
PSC - Prescaler 
Clear 
PS2. PS'. 
PSO- 
Prescaler 
Select 


The TOPT bit in the mask option register selects whether 
the timer lS software 
programmable 
via the timer control register or 
emulates the mask programmable 
parts vIa the MaR 
EPROM byte. 


Internal 


4>2 
Clock 
Ilosc+41 


Mask Option Register BIts: 


ClK - Clock 
Oscillator 
Type 
TOPT - Timer 
Maskl Programmable 
OpliOn 


ClS - Timer 
Clock 
Source 
P2. Pl. 
PO- Prescaler 
OpliOn 
• 


Internal 
••2 


Clock 


!lOSC 
+41 


• 


Timer Control Register BlIs 
Mask Option 
Register BilS 


TIR - Timer Interrupt 
Request Status 
CLK - Clock Oscillator Type 


TlM- 
Timer Interrupt 
Mask 
TOPT - Timer Mask/Programmable 
Opllon 
TIN - TImer Input Select 
CLS - Timer Clock Source 


TIE- 
T,mer External Input Enable 
(TtEl-ITimer 
External Input Enablel 
PSC - Prescaler Clear 
SNM - Secure/Non-Secure 
Mode Option 
PS2, PSt, 
PSO-Prescaler 
Select 
P2, Pt, 
PO-Prescaler 
Option 


The raPT 
bit In the mask option register selects whether the timer ISsoftware programmable via the timer control register or emulates 


the mask programmable 
parts via the MaR 
PROM byte 


The TIE bit in the mask option 
register IS not used If MaR 
TOPT = t IMC6805P2 
emulatlonl, 
It sets the Intial value of TCR TIE if MaR 


TOPT=O 


A prescaler 
option 
can be applied 
to the clock input that extends 
the timing 
interval 
up to a maxi- 


mum of 128 counts 
before decrementing 
the counter. 
This prescaling 
TCR or MaR 
option 
selects 
one of eight outputs 
on the 7-bit binary divider; 
one output 
bypasses prescaling. 
To avoid trunca- 
tion errors, 
the prescaler 
is cleared when 
bit 3 (b3) of the TCR is written 
to a logic one; however, 
TCR bit 3 always 
reads as a logic zero to ensure ptoper 
operation 
with 
read-modify-write 
instruc- 
tions 
(bit set and clear for example). 


At reset, the prescaler and counter 
are initialized 
to an all ones condition; 
the timer interupt 
request 
bit (TCR, b71 is cleared and the timer interrupt 
request mask (TCR, b6) is set. TCR bits bO, b1, b2, 
b4, and b5 are initialized 
by the corresponding 
mask option 
register 
(MaR) 
bits at reset. They are 
then software 
selectable 
after 
reset (if the TOPT bit (b6) in the MORE is equal to zero). 


Note that the timer block 
diagrams 
in Figures 5-3 and 5-4 reflect 
two 
separate 
timer control 
con- 
figurations: 
a) software 
controlled 
mode via the timer control 
register (TCR), and b) MaR controlled 
mode to emulate 
a mask ROM version 
with 
the mask option 
register.· In the software 
controlled 
mode, all TCR bits are read/write, 
except bit b3 which 
is write-only 
(always reads as a logic zero). In 
the MaR 
controlled 
mode, for all four devices, TCR bit b7 and b6 are read/write 
and bits b5, b4, b2, 
b1, and bO have no effect 
on a write 
(always read as logic ones). For the MC68705R3/ MC68705U3, 
bit b3 is write-only 
(reads as logic zero), and for the MC68705R5/MC68705U5, 
bit b3 has no effect 
on a write 
(reads as a logic one). 


5.3.1 
Software 
Controlled 
Mode 


The TOPT (timer option) 
bit (b6) in the mask option 
register is EPROM programmed 
to a logic zero 
to select the software 
controlled 
mode, which 
is described 
first. TCR bits b5, b4, b3, b2, b1, and bO 
give the program 
direct 
control 
of the prescaler and input 
select options. 


The timer 
prescaler 
input 
frequency 
(fPIN) can be configured 
for three different 
operating 
modes 
plus a disable mode, depending 
upon the value written 
to TCR control 
bits b4 and b5 (TIE and TIN) 


When 
the TIE and TIN bits are programmed 
to zero the timer input is from the internal clock (phase 
two) 
and TIMER 
input 
pin is disabled. 
The internal 
clock 
mode can be used for periodic 
interrupt 
generation 
as well as a reference 
for frequency 
and event 
measurement. 


When TIE = 1 and TIN = 0, the internal clock and the TIMER input pin signals are ANDed 
to form the 
timer 
input. 
This mode can be used to measure external 
pulse widths. 
The external 
pulse simply 
gates in the internal 
clock for the duration 
of the pulse. The accuracy 
of the count 
in this mode is 
plus or minus one count. 


When 
TI E=° and TIN = 1, no prescaler input frequency 
is applied to the prescaler and the timer is 
disabled. 


When TIE and TIN are both programmed 
to a one, the timer is from the external clock. The external 
clock can be used to count 
external 
events as well as provide 
an external 
frequency 
for generating 
periodic 
interrupts. 


Bits bO, b1, and b2 in the TCR are program 
controlled 
to choose the appropriate 
prescaler output 
The prescaling 
divides the prescaler 
input frequency 
by 1, 2, 4, etc. in binary multiplex 
to 128 pro- 
ducing 
counter 
input 
frequency 
to the counter. 
The processor 
cannot 
write 
into or read from 
the 


• 


• 


prescaler; 
however, 
the prescaler is set to all ones by a write operation 
to TCR, b3 (when bit 3 of the 
written 
data equals one), which 
allows 
for truncation-free 
counting. 


5.3.2 
MOR 
Controlled 
Mode 


The MOR controlled 
mode of the timer 
is selected 
when 
the TOPT (timer 
option) 
bit Ib6) in the 
MOR is programmed 
to a logic one to emulate 
the MC6805R2 
mask-programmable 
prescaler 
and 
timer clock source. 
The timer circuits 
are the same as described 
above, 
however, 
the timer control 
register 
(TCR) is configured 
differently, 
as discussed 
below. 


The logic level for the functions 
of bits bO, bl, 
b2, and b5 in the TCR are all determined 
at the time 
of EPROM programming. 
They are controlled 
by corresponding 
bits within 
the mask option 
register 
(MOR, 
$F38). The value programmed 
into MOR bits bO, bl, 
b2, and b5 controls 
the prescaler divi- 
sion and the timer clock 
selection. 
Bit b4 (TIEl is set to a logic one in the MOR controlled 
mode 
(when read by software, 
these five TCR bits always read as logic ones). As in the software 
program- 
mable configuration, 
the TIM (b6) and TIR Ib7) bits of the TCR are controlled 
by the counter 
and 
software 
as described 
above. 
Bit b3 of the TCR (in the MOR controlled 
model 
for the MC68705R31 


MC68705U3 
always 
reads as a logic zero and can be written 
to a logic one to clear the prescaler; 
however, 
for the MC68705R5/MC68705U5 
bit b3 is set to a logic one and when 
read by software 
always 
reads 
as a logic 
one. 
The 
MOR 
controlled 
mode 
is designed 
to 
exactly 
emulate 
the 
MC6805R2 which 
has only TIM, 
TIR, and PSC in the TCR and has the prescaler options 
defined 
as 
manufacturing 
mask options. 


5.3.3 
Timer 
Control 
Register 
(TCR) 


The configuration 
of the TCR is determined 
by the logic level of bit 6 Itimer 
option, 
TOPTI 
in the 
mask option 
register 
(MORI. 
Two configurations 
of the TCR are shown 
below, 
one for TOPT= 
1 
and 
the 
other 
for 
TOPT = O. TOPT = 1 configures 
the 
TCR 
to emulate 
the 
MC6805R2. 
When 
TOPT = 0, it provides 
software 
control 
of the TCR. When 
TOPT = 1, the prescaler "mask" 
options 
are user programmable 
via the MOR. 
A description 
of each TCR bit is provided 
below 
(also see 
Figures 5-3 and 5-41. 


b3 
Timer 
Control 


TIR 
TIM 
1 
1 
PSC* 
1 
1 
1 
Register 
$009 


'For 
the MC68705R3/MC68705U3 
write 
only, 
reads as a zero-for 
the MC68705R5/MC68705U5 
reads as a one and has no effect 
on the prescaler. 


Timer 
Control 


Register 
$009 


b7, TIR 
Timer 
Interrupt 
Request 
- 
Used to initiate 
the timer 
interrupt 
or signal 
a timer 
data 
register 
underflow 
when 
it is a logic one. 
1= Set when 
the timer data register changes 
to all zeros. 
0= Cleared by external 
reset or under program 
control 


b6, TIM 
Timer 
Interrupt 
Mask - 
Used to inhibit 
the timer interrupt 
to the processor 
when 
it is a 
logic one. 
1= Set by an external 
reset or under program 
control. 


0= Cleared under program 
control. 


b5, TIN 
External or Internal 
- 
Selects the input clock source to be either the external TIMER (pin 
8) or the internal 
phase two. 
1= Selects 
the external 
clock source. 
0= Selects 
the internal 
phase two 
(fOSC+4) 
clock source. 


b4, TIE 
External 
Enable - 
Used to enable the external 
TIMER 
(pin 8) or to enable the internal 
clock (if TIN = Q) regardless of the external TIMER pin state (disables gated clock feature). 
When 
TOPT = 1, TI E is always a logic one. 
1= Enables external 
TIMER 
pin. 


0= Disables external 
TIMER 
pin. 


TIN 
TIE 
CLOCK 
o 
0 
Internal 
Clock (phase two) 
o 
1 
Gated (AND) 
of External and Internal 
Clocks 
1 
0 
No Clock 
1 
1 
External 
Clock 


b3. PSC 
Prescaler Clear - 
When 
TOPT = 0, this is a write-only 
bit. It reads as a logic zero so the 
BSET and BCLR on the TCR function 
correctly. 
Writing 
a one into PSC generates a pulse 
which 
clears 
the 
prescaler. 
When 
TOPT = 1, 
operation 
remains 
the 
same 
for 
the 
MC68705R3/MC68705U3; 
however, 
for the MC68705R5/MC68705U5 
this bit is always 


read as a logic one and has no effect 
on the prescaler. 


b2, PS2 
Prescaler Select - 
These bits are decoded to select one of eight outputs 
on the timer pre- 


b1, PS1 
scaler division 
resulting 
from 
decoding 
these bits. 


bO, PSO 


PS2 
PS1 
PSO 
Prescaler Division 


0 
0 
0 
1 (Bypass 
Prescaler) 
0 
0 
1 
2 
0 
1 
0 
4 
0 
1 
1 
8 
1 
0 
0 
16 
1 
0 
1 
32 
1 
1 
0 
64 
1 
1 
1 
128 


NOTE 


When 
changing 
the PS2-PSO bits in software, 
the PSC bit should 
be written 
to a one in 
the same write 
cycle to clear the prescaler. 
Changing 
the PS bits without 
clearing 
the 
prescaler 
may cause an extraneous 
toggle 
of the timer data register. 
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SECTION 6 
SELF-CHECK 


The self-check 
capability 
of the MC6805R2, 
MC6805U2, 
MC6805R3, 
and MC6805U3 
microcom- 


puters provides 
an internal check to determine 
if the part is functional. 
Connect 
the MCU as shown 


in Figure 6-1 and monitor 
the output 
of port C bit 3 for an oscillation 
of approximately 
7 hertz. A 


10-volt 
level (through 
a 10k resistor) 
on the timer 
input, 
pin 8, and pressing 
then 
releasing 
the 


RESET button, 
energizes the ROM-based 
self-check 
feature. 
The self-check 
program 
exercises the 


RAM, 
ROM, 
TIMER, 
interrupts, 
and 
1/0 
ports, 
as well 
as the 
AID 
for 
the 
MC6805R2 
and 
MC6805R3. 


Several of the self-check 
subroutines 
can be called by a user program 
with 
a JSR or BSR instruc- 


tion. They are the RAM, 
ROM, and four-channel 
AID 
tests. The timer routine 
may also be called if 


the timer input 
is the internal 
phase two 
clock. 


6.1 
RAM SELF-CHECK 
SUBROUTINE 


The RAM self-check 
is called at location 
$F6F for the MC6805R21 MC6805U2 
and at location 
$F84 
for the MC6805R3/MC6805U3. 
If any error is detected, 
it returns with 
the Z bit cleared; 
otherwise 


the Z bit is set. The walking 
diagnostic 
pattern 
method 
is used. 


The RAM test must be called with the stack pointer at $07F. When 
run, the test checks every RAM 
cell except 
for $07F and $07E which 
are assumed 
to contain 
the return 
address. 


6.2 
ROM CHECKSUM 
SUBROUTINE 


The ROM self-check 
is called at location 
$F8A for the MC6805R2/MC6805U2 
and at location 
$F95 


for the MC6805R3/MC6805U3. 
If any error is detected, 
it returns with 
the Z bit cleared; 
otherwise 


Z= 1, X=O 
on return, 
and A is zero if the test passes. RAM 
locations 
$040 are overwritten. 


6.3 ANALOG- TO-DIGITAL 
CONVERTER 
SELF-CHECK 


The analog-to-digital 
self-check 
for the MC6805R2 is called at location 
$FA4 and for the MC6805R3 


at $FAE. For both devices, 
it returns with 
the Z bit cleared if any error was found; 
otherwise 
the Z 
bit is set. 


The A and X register contents 
are lost. The X register must be set to four before the call. On return, 


X = 8 and AI D channel 7 is selected. 
The AI D test uses the internal voltage 
references and confirms 


port connections. 


RESET 
- 
J.. 


40 
VS·S 
PA7 
39 


2 RESET 


PA6 
38 


3 INT 
PA5 
37 


4 
VCC 
PA4 


1.0.F 
PA3 
36 
+5.25V 
5 EXTAL 
:r:: 
• 
PA2 
35 
= 
6 XTAL 
34 
400 
PAl 
- 
MHz 
7 NUM IN/C)" 
PAO 33 


10k 


8 TIMER 
+10V 
LED 
;,. 
5100 


9 PCO 
32 
P87 


LED 
~ 
510 
10 PCI 
31 
• 


PB6 


LED 
~ 
100 


II 
PC2 
30 
PB5 


LED 
/ 
5100 


12 PC3 
29 
PB4 


13 PC4 
PB3 
28 


14 PC5 
PB2 
27 


15 PC6 
PBl 
26 


16 PC7 
PBO 
25 


17 P07 


18 P06/1lNT21 
POO 24 


19 P05 
POI 
23 


O.I.F 
P02 
22 


20 P04 
P03 
21 


- 


* This connection 
depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected . 


•• 
For the MC6805R2/MC6805U2 
pin 7 is not for user application 
and must be connected 
to VSS. 
For the MC6805R3/MC6805U3 
pin T 


is not connected. 


LEO Meanings 


PCO 
PCl 
PC2 
PC3 
Remarks 
(1 :LEO ON; O:LED OFF) 


1 
0 
I 
0 
Bad 110 
0 
0 
I 
0 
Bad Timer 


1 
I 
0 
0 
Bad RAM 


0 
1 
0 
0 
Bad ROM 
1 
0 
0 
0 
Bad AID 


0 
0 
0 
0 
Bad 
InterrUplS 
O' 
Request 
Fla~ 


All Flashlno 
Good Device 


• 


6.4 
TIMER 
SELF-CHECK 
SUBROUTINE 


The timer self-check 
is called at location 
SFCF for the MC6805R2/MC6805U2 
and at location 
SF6D 
for the MC6805R3/MC6805U3. 
If any error was found, 
it returns with 
the Z bit cleared; 
otherwise 
the Z bit is set. 


In order to work 
correctly 
as a user subroutine, 
the internal 
phase two clock must be the clocking 
source and interrupts 
must be disabled. 
Also, on exit, the clock is running 
and the interrupt 
mask is 
not set so the caller must protect 
from 
interrupts 
if necessary. 


The A and X register 
contents 
are lost. The timer self-check 
routine 
counts 
how many times the 
clock counts 
in 128 cycles. The number 
of counts 
should be a power of two since the prescaler is a 
power 
of two. 
If not, the timer probably 
is not counting 
correctly. 
The routine 
also detects 
a timer 
which 
is not running. 


SECTION 7 
RESET, CLOCK, AND 
INTERRUPT 
STRUCTURE 


7.1 
RESET 


The MCU can be reset three ways: 
by initial powerup, 
by the external reset input (RESET) and by an 
optional 
internal 
low-voltage 
detect circuit (not available on the MC68705U3 or MC68705R3 EPROM 
versions). 
The RESET input consists 
mainly of a Schmitt 
trigger 
which 
senses the FrESET line logic 


level. A typical 
reset Schmitt 
trigger 
hysteresis 
curve is shown 
in Figure 7-1. The Schmitt 
trigger 


provides 
an internal 
reset voltage 
if it senses a logical 
zero on the liESET 
pin. 


Out 
Of 


Reset 


I 
I 
I 


o~v 
2V 
4'V 


VIRES - 
VIRES + 


7.1.1 
Power-On 
Reset (paR) 


An internal 
reset is generated 
upon powerup 
that allows the internal clock generator 
to stabilize. 
A 
delay of tRHL 
milliseconds 
is required 
before allowing 
the FrESET input 
to go high. 
Refer to the 
power 
and reset timing 
diagram 
of Figure 7-2. Connecting 
a capacitor 
to the RESET input 
(as il- 
lustrated 
in Figure 
7-3) typically 
provides 
sufficient 
delay. 
During 
powerup, 
the Schmitt 
trigger 
switches 
on (removes 
reset) when 
RESET rises to VIRES+. 


• 
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POR 
Oelay 
Capacitor 


Charging 
Current 
Source 


7.1.2 
External Reset Input 


The MCU will be reset if a logical zero is applied to the RESET input for a period longer than one 
machine cycle (tcyc). 
Under this type of reset. the Schmitt 
trigger 
switches 
off at VI RES - 
to pro- 


vide an internal 
reset voltage. 


7.1.3 Low-Voltage 
Inhibit (LVI) 


The 
optional 
low-voltage 
detection 
circuit 
(not 
available 
on 
the 
MC68705R3, 
MC68705R5, 


MC68705U3, 
and MC68705U5) 
causes a reset of the MCU if the power supply voltage falls below a 
certain 
level (VLVI). 
The only requirement 
is that VCC remains at or below the VLVI threshold 
for 


one tcyc minimum. 
In typical applications, 
the VCC bus filter capacitor 
will eliminate 
negative-going 
voltage 
glitches 
of less than 
one tcyc. 
The output 
from 
the low-voltage 
detector 
is connected 
directly 
to the internal reset circuitry. 
It also forces the RESET pin low via a strong discharge 
device 


through 
a resistor. 
The internal 
reset will be removed once the power supply voltage 
rises above a 
recovery 
level (VLVR), 
at which 
time a normal 
power-on-reset 
occurs. 


The internal 
clock 
generator 
circuit 
is designed 
to require a minimum 
of external 
components. 
A 
crystal, 
a resistor, a jumper wire, or an external signal may be used to generate a system clock with 
various stability/ 
cost tradeoffs. 
The mask option 
register (EPROM) is programmed 
to select crystal 
or resistor operation. 
The oscillator 
frequency 
is internally 
divided 
by four to produce 
the internal 


system clocks. 
For MC6805R2, 
MC6805U2, 
MC6805R3, 
and MC6805U3 a manufacturing 
mask op- 


tion is used to select crystal 
or resistor operation. 


The different 
connection 
methods 
are shown in Figure 7-4. Crystal specifications 
and suggested 
PC 
board layouts 
are given in Figure 7-5. A resistor selection 
graph is given in Figure 7-6. 


The crystal 
oscillator 
start-up 
time is a function 
of many variables: 
crystal 
parameters 
(especially 


RS), oscillator 
load capacitances, 
IC parameters, 
ambient 
temperature, 
and supply voltage. 
To en- 


sure rapid oscillator 
start up, neither the crystal characteristics 
nor the load capacitances 
should ex- 


ceed recommendations. 


MCU 


EXTAL 
(Crystal 
Option, 
See Note 
11 


MCU 
EXTAL 
lAC Option, 


See Note 
11 


Approximately 
25% 
to 50% 
Accuracy 


T yplca! 'eye = 1 25 liS 
External Jumper 


E~ternal 


~CI()r:k 


Input 


MCU 


EXTAL 
ICrystalOptlon, 


See Note 
11 


A 
ISee Figure 7-51 


No 


Connection 


MCU 
(AC Option, 
See Note 1) 


ApprOlumately 
10% to 25°10 Accuracy 


{Excludes Resistor Tole ranee 
I 


External 
ReslslOr 


NOTES: 


, 
For the MC68705A3, 
MC68705U3, 
MC68705A5, 
and MC68705U5 
MOA b7 = 0 for the crystal 
opliOn and MOA b7 = , for the AC op- 


tion. When the TIMER 
input pin is in the VIHTP 
range (in the bootstrap EPROM programmIng 
model, 
the crystal option IS forced 
When 
the TIMER 
Input is at or below VCC. 
the clock generator option IS determined 
by bit 7 of the Mask Option Register (eLK) 


2. The recommended 
CL value with a 4.0 MHz crystal 
IS 27 pF maximum, 
including system distributed capacitance 
There IS an Inter 


nal capacitance 
of approximately 
25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, 
the total capacitance 
on each 


pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal. use approxImately 
50 pF on EXTAL 


and approximately 
25 pF on XTAL. 
The exact value depends on the Motional-Arm 
parameters of the crystal used 


When 
utilizing 
the on-board 
oscillator, 
the 
MCU 
should 
remain 
in a reset condition 
(reset 
pin 


voltage 
below VIRES +) until the oscillator 
has stabilized 
at its operating 
frequency. 
Several factors 


are involved 
in calculating 
the 
external 
reset 
capacitor 
required 
to 
satisfy 
this 
condition: 
the 


oscillator 
start-up 
voltage, 
the oscillator 
stabilization 
time, 
the minimum 
VIRES +, and the reset 
charging 
current 
specification. 


Once VCC minimum 
is reached, 
the external 
RESET capacitor 
will begin to charge at a rate depen- 


dent on the capacitor 
value. The charging 
current 
is supplied 
from VCC through 
a large resistor, 
so 


it appears 
almost 
like a constant 
current 
source 
until 
the 
reset voltage 
rises above 
VIRES +. 


Therefore, 
the RESET pin will charge at approximately: 


(VIRES + )·Cext= 
IRES·tRHL 


Assuming 
the external 
capacitor 
is initially 
discharged. 


• 


(a) 
Cl 


EXTAL~~XTAL 


5 
~~ 
6 


AT 
- 
Cut Parallel Resonance 
Crystal 
Co=7 
pF Max 


Freq. = 4.0 MHz @ CL = 24 pF 
AS = 50 ohms 
Max. 


Piezoelectric 
ceramic 
resonators 
which 
have the equivalent 
specifications 
may be 
used instead 
of crystal 
oscillators. 
Follow 


ceramic 
resonator 
manufacturer's 
sug- 


gestions 
for Co. C,. and RS values. 


Figure 7-5. Crystal 
Motional-Arm 
Parameters 
and Suggested 
PC Board 
Layout 


70 


I 60 
:2 


~ 50 
~!40 


030 
~ 
~ 20 
o 


Figure 7-6. Typical 
Frequency 
Selection 
for 
Resistor IRC Oscillator 
Option) 


The microcomputers 
can be interrupted 
four different 
ways: through 
the external interrupt 
(TNT) in- 
put pin, the internal 
timer interrupt 
request, 
the external 
port D bit 6 (INT2) input 
pin, or the soft- 


ware 
interrupt 
instruction 
(SWI). 
When 
any interrupt 
occurs: 
the current 
instruction 
!including 


SWI) is completed, 
processing 
is suspended, 
the present 
CPU state is pushed 
onto the stack, 
the 


interrupt 
bit (I) in the condition 
code register is set, the address of the interrupt 
routine 
is obtained 
from the appropriate 
interrupt 
vector 
address, 
and the interrupt 
routine 
is executed. 
Stacking 
the 


CPU register, 
setting 
the I bit, and vector fetching 
require a total of 11 tcyc periods for completion. 


A flowchart 
of the interrupt 
sequence 
is shown 
in Figure 7-7. The interrupt 
service routine 
must end 
with 
a return 
from 
interrupt 
(RTI) instruction 
which 
allows 
the MCU to resume processing 
of the 


1-1 
lin CCI 
07F-SP 
a-DDRs 
CLR iJiiT Logic 


FF-Timer 


7F - 
Prescaler 


7F-TCR 
7F-MR 


Clear 
INT 
Request 
Latch 


Load PC From: 
SWI: 
FFC/FFD 
INT: 
FFA/FFB 


Timer or 
INT2: 
FF8/ FF9 


MC68705R3/ 
MC68705U3 


MC68705R5/ 
MC68705U5 


Load Options From 
MOR I$F381 Into 


Control Logic 


• 


• 


program 
prior to the interrupt 
(by unstacking 
the previous 
CPU state). 
Unlike RESET, 
hardware 
interrupts 
do not cause the current 
instruction 
execution 
to be halted, 
but are considered 
pending 
until the current 
instruction 
execution 
is complete. 


When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardware 
interrupts 
and 
if unmasked, 
proceeds with 
interrupt 
processing; 
otherwise 
the next instruction 
is fetched 
and ex- 


ecuted. 
Note that 
masked interrupts 
are latched 
for later interrupt 
service. 


If both an external interrupt 
and a timer interrupt 
are pending at the end of an instruction 
execution, 
the external 
interrupt 
is serviced 
first. 
The SWI is executed 
as any other 
instruction. 


NOTE 


The timer and INT2 interrupts 
share the same vector 
address. The interrupt 
routine 
must 
determine 
the source by examining 
the interrupt 
request bits (TCR b7 and MR b7). Both 
TCR b7 and MR b7 can only be written 
to zero by software. 


The external 
interrupt, 
INT and iNT2, are synchronized 
and then latched on the falling edge of the 
input signal. The INT2 interrupt 
has an interrupt 
request bit (bit 7) and a mask bit (bit 6) located 
in 
the miscellaneous 
register (MR). The INT2 interrupt 
is inhibited 
when the mask bit is set. The INT2 
is always read as a digital input on port D. The IliJTI and timer interrupt 
request bits, if set, cause the 
MCU to process an interrupt 
when 
the condition 
code I bit is clear. 


A sinusoidal 
input signal (fINT maximum) 
can be used to generate an external interrupt 
for use as a 
zero-crossing 
detector. 
This allows applications 
such as servicing 
time-of-day 
routines 
and engag- 


ing/disengaging 
ac power 
control 
devices. 
Off-chip 
full wave rectification 
provides 
an interrupt 
at 
every zero crossing 
of the ac signal and thereby 
provides 
a 2f clock. 
See Figure 7-8. 


A software 
interrupt 
(SWI) 
is an executable 
instruction 
which 
is executed 
regardless of the state of 
the I bit in the condition 
code register. 
SWls are usually used as breakpoints 
for debugging 
or as 
system 
calls. 


ac 
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SECTION 8 
INPUT/OUTPUT 
CIRCUITRY 
AND 
ANALOG- TO-DIGITAL 
CONVERTER 


8.1 
INPUT/OUTPUT 
CIRCUITRY 


There are 32 input/output 
pins. The fNT pin may be polled with 
branch 
instructions 
to provide 
an 


additional 
input 
pin. All pins on ports A, 
B, and C are programmable 
as either inputs 
or outputs 


under software 
control 
of the corresponding 
data direction 
register (DDRl. 
The port I/O programm- 


ing is accomplished 
by writing 
the corresponding 
bit in the port DDR to a logic one for output 
or a 
logic zero for input. 
On reset all the DDRs are initialized 
to a logic zero state, placing the ports in the 
input 
mode. 
The port output 
registers 
are not initialized 
on reset and should 
be initialized 
by soft- 
ware before changing 
the DDRs from 
input to output. 
A read operation 
on a port programmed 
as 


an output 
will read the contents 
of the output 
latch regardless 
of the logic levels at the output 
pin, 


due to output 
loading. 
Refer to Figure 8-1. 


Data 
Latched 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 
, 
0 
0 
0 
, 
, 
1 
1 


0 
X 
Hi-Z*· 
P,n 


* ODR is a write-only 
register and reads as all ones. 


* * Port Band 
C are three-state 
ports. Port A has optional internal pullup devIces to provide CMOS 
data drive capability. 


See SECTION 
11 ELECTRICAL 
CHARACTERISTICS. 
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All input/output 
lines are TTL compatible 
as both inputs and outputs. 
Port A lines are CMOS com- 


patible as outputs 
(mask option 
on the MC6805R2, 
MC6805U2, 
MC6805R3, 
and MC6805U3) 
while 


port B, C, and 0 lines are CMOS compatible 
as inputs. 
Port 0 lines are input only; thus, there is no 
corresponding 
DDR. When 
programmed 
as outputs, 
port 
b is capable 
of sinking 
10 milliamperes 
and sourcing 
1 milliampere 
on each pin. 


Port 
0 provides 
the reference 
voltage, 
INT2, 
an<J multiplexed 
analog 
inputs 
for the MC6805R2, 


MC6805R3, 
MC68705R3, 
and MC68705R5. 
All of these lines are shared with 
the port 0 digital 
in- 
puts. 
Port 0 may always be used as digital inputs and may also be used as analog inputs providing 
VRH and VRL are connected 
to the appropriate 
reference 
voltages. 
The VRL and VRH lines (PD4 


and PD5l are internally 
connected 
to the A/ 0 resistor. Analog 
inputs may be prescaled to attain the 


VRL and VRH recommended 
input 
voltage 
range. 


The address maps in Section 3 give the addresses of data registers and data direction 
registers. 
The 


register configuration 
is provided 
in Figure 7-6. Figure 8-2 provides 
some examples of port connec- 


tions. 


CAUTION 


The corresponding 
DDRs for ports A, B, and C are write-only 
registers (registers 
at $004, 


$005, and $006). A read operation 
on these registers is undefined. 
Since BSET and BCLR 
are read-modfiy-write 
in function, 
they cannot 
be used to set or clear a single DDR bit (all 


"unaffected" 
bits would 
be set). It is recommended 
that all DDR bits in a port be written 
using a single-store 
instruction. 


PA7 
40 
(CMOS 
Loads) 


PA6 
39 
PB7 
32 


~IO= 
HFE·lb 


PA5 
38 
PB6 
31 


PM 
37 
11 TTL Load) 
PB5 
30 
..- 
PB4 
29 


--Ib 


PA3 
38 
1.6mA 
1.0mA 


PA2 


PB3 
28 
35 
2N6386 
(Typicall 


PAl 
34 
PB2 
27 


PAO 
33 


Port A, bit 7 and bit 4 programmed 
as QUl- 
P81 
26 
put. 
Bit 7 driving 
CMOS 
loads and bil 4 
PBO 
25 


driving one TTL load directly using CMOS 
-= 


output option. 
Port B, bit 5 programmed 
as output, 
driv- 
ing Darlington-base 
directly. 


PB7 
32 
PC7 
16 
+ V 


PB6 
31 
PC6 
15 
+ V 


PB5 
30 
PC5 
14 


PB4 
29 
PC4 
13 


PB3 
28 
PC3 
12 


PB2 
27 
lOmA 
CMOS 
Inverter 
- ,," 
,," 
PC2 
11 
MC14Q49/MC14069 
PBl 
26 
PCl 
10 
(Typical) 


PBO 
25 
PCO 
9 
«-lOmA 


Port Bf bitOand 
bit 1 programmed 
as out- 
Port C. bits 0-3 programmed 
as output, 


put, driving LEOs directly. 
dnving 
CMOS 
loads. 
using 
external 


pullup resistors. 


PC7 


15 
PC6 


14 
PC5 


13 
PC4 


PC3 


PC2 


PC1 


PCO 


SN74LS04 
(Typicall 


CMOS 
and TTL driving 
port 
C directly. 


POO/ANO 


PDlI 
AN1 


PD2/AN2 


PD3/AN3 


VAL 


VAH 


PD611NT2 


PD7 


Port 0 used as 4-channel 
AID 
input with 
bit 7 used as CMOS 
digital 
input. 


MC6805A2. 
MC6805A3. 
MC6805A3. 
and MC68705A5 
only. 


The latched 
output 
data bit (see Figure 8-1) must always be written. 
Therefore, 
any write 
to a port 
writes all of its data bits even though 
the port DDR is set to input. 
This may be used to initialize the 
data register 
and avoid 
undefined 
outputs; 
however, 
care must 
be exercised 
when 
using 
read- 
modify-write 
instructions, 
since the data read corresponds 
to the pin level if the DDR is an input 
(zero) and corresponds 
to the latched 
output 
data when 
the DDR is an output 
(one). 


8.2 
ANALOG-TO-DIGITAL 
CONVERTER 


The MC6805R2, 
MC6805R3, 
MC68705R3 and MC68705R5 microcomputers 
have an 8-bit analog-to- 
digital 
(AID) 
converter 
implemented 
on the chip using a successive 
approximation 
technique, 
as 
shown 
in Figure 8-3. 
Up to four 
external 
analog 
inputs, 
via port 
D, are connected 
to the AI D 
through 
a multiplexer. 
Four 
internal 
analog 
channels 
may 
be selected 
for calibration 
purposes 
(VRH-VRL, 
VRH-VRL/2, 
VRH-VRL/4, 
and VRLI. 
The accuracy 
of these internal 
channels will not 
necessarily 
meet the accuracy 
specifications 
of the external 
channels. 


The multiplexer 
selection 
is controlled 
by the AID 
control 
register (ACRl 
bits 0, 1, and 2; see Table 
8-1. This register is cleared during any reset condition. 
Refer to Figure 7-6 for the register configura- 
tion. 
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Control Re ister 
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ACAZ 
ACA1 
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Typ 
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0 
0 
0 
ANO 
0 
0 
1 
AN1 
0 
1 
0 
ANZ 
0 
1 
1 
AN3 
1 
0 
0 
VAH" 
FE 
FF 
FF 
1 
0 
1 
VAL" 
00 
00 
01 
1 
1 
0 
VAH/4" 
3F 
40 
41 
, 
1 
1 
VAH/Z" 
7F 
80 
81 


Whenever the ACR is written, 
the conversion 
in progress is aborted, the conversion complete flag 
(ACR bit 7) is cleared, and the selected input is sampled for five machine cycles and held internally. 
During these five cycles, the analog input will appear approximately 
like a 25 picofarad (maximum) 
capacitor (plus approximately 
10 pF for packaging) charging through a 2.6 kilohm resistor (typicall. 
Refer to Figure 8-4. 


The converter 
operates continuously 
using 30 machine cycles to complete 
a conversion 
of the 
sampled analog input. 
When the conversion 
is complete, 
the digitized sample of digital value is 
placed in the AID 
result register (ARR), the conversion 
complete 
flag is set, the selected input is 
sampled again, and a new conversion 
is started. 


The AID 
is ratiometric. 
Two reference voltages (VRH and VRL) are supplied to the converter 
via 
port 0 pins. An input voltage equal to VRH converts to $FF (full scale) and an input voltage equal to 
VRL converts to $()(). An input voltage greater than VRH converts to $FF and no overflow 
indication 
is provided. 
Similarly, an input voltage less than VRL, but greater than VSS converts to $()(). Max- 
imum and minimum 
ratings must not be exceeded. For ratiometric 
conversion, 
the source of each 
analog input should use VRH as the supply voltage and be referenced to VRL. To maintain the full 


DeVice~2'6kOITYPiCall 
Analog 
Input 
I 
25 pF IMaximum) 


_ 
Virtual 
Channel 
- 
Ground 


Select 


accuracy 
on the AID, 
VRH should 
be equal to or less than VDD, VRL should be equal to or greater 
than VSS but less than the maximum 
specification 
and (VRH-VRLl 
should 
be equal to or greater 
than 4 volts. 


The AI D has a built-in 
Y, LS B offset 
intended 
to reduce the magnitude 
of the quantizing 
error to 
± y, LSB, rather than + 0, -1 
LSB with 
no offset. 
This implies that, ignoring 
errors, the transition 
point from $00 to $01 occurs at Y, LSB above VRL. Similarly, 
the transition 
from $FE to $FF occurs 
1y, LSB below 
VRH, 
ideally. 
Refer to Figures 8-5 and 8-6. 


On release of reset, the AI D control 
register (ACRl 
is cleared therefore 
after reset, channel zero will 
be selected 
and the conversion 
complete 
flag will be clear. 
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SECTION 9 
MASK 
OPTIONS 
AND 
PROGRAMMING 


The information 
in this section 
pertains 
only to the MC68705R3, 
MC68705U3, 
MC68705R5, 
and 
MC68705U5 
EPROM versions 
of the M6805 Family. 


9.1 
MASK 
OPTIONS 


The 
MC68705R3, 
MC68705U3, 
MC68705R5, 
and 
MC68705U5 
mask 
option 
registers 
are 
im- 


plemented 
in EPROM. 
Like all other 
EPROM bytes, the MaR 
contains 
all zeros prior to programm- 
ing (if erased). 


When 
used to emulate 
the MC6805R2 and MC6805U2, 
five of the eight MaR 
bits are used in con- 
junction 
with the prescaler. 
Of the remaining, 
the b7 bit is used to select the type of clock oscillator, 
b3 is the secure/non-secure 
mode option 
for the MC68705R5/MC68705U5 
only (b3 is not used by 
the MC68705R3/MC68705U3), 
and b4 is not used. Bits bO, bl, 
and b2 determine 
the division 
of the 
timer prescaler. 
Bit b6 determines 
the timer option 
selection. 
The value of the TOPT bit (b6) is pro- 
grammed 
to configure 
the TCR (a logic one for MC6805R2/MC6805U2 
emulation). 


If the MaR 
timer option 
(TOPT) 
bit is a zero, the MC6805R3 
and MC6805U3 
are emulated. 
Here, 


bits b5, b4, b2, bl, 
and bO set the initial value of their respective 
TCR bits during 
reset. After 
initiali- 
zation the TCR is software 
controllable. 


Mask Option 


Register 
SF38 


b7, ClK 
Clock Oscillator 
Type 
l=RC 
0= Crystal 


NOTE 


VIHTP 
on the TIMER 
(pin 8) forces 
the crystal 
mode. 


b6, TOPT 
Timer Option 
1= MC6805R2/MC6805U2 
type timer/prescaler. 
All bits, except b6 and b7, of the timer 
control 
register 
(TCR) are invisible 
to the user. Bits b5, b2, bl, 
and bO of the mask 
option 
register 
determine 
the equivalent 
MC6805R2/MC6805U2 
mask options. 


0= MC6805R3/MC6805U3 
type timer/prescaler. 
All TCR bits are implemented 
as a soft- 
ware 
programmable 
timer. 
The state of bits b5, b4, b2, bl, 
and bO set the initial 
values of their respective 
TCR bits (TCR is then software 
controlled 
after 
initializa- 
tion). 


b5, CLS 
Timerl 
Prescaler Clock Source 
1= External TIMER 
pin. 
0= Intenal 
phase two. 


b4 
Not used if MaR 
TOPT = 1 (MC6805R2/MC6805U2 
emulation). 
Sets initial value of TCR 
TIE if MaR 
TOPT=O 
(MC6805R3/MC6805U3 
emulation). 


b3, SNM* 
When 
this bit is set, i.e., programmed 
to a one, it is not possible to access the EPROM 
contents 
of the MC68705R5 
and MC68705U5 
externally. 
For more information 
refer to 
9.4 PROGRAMMING 
FIRMWARE. 


b2, P2 
b1, P1 
bO, PO 


Prescaler Option 
- 
the logic levels of these bits, when decoded, 
select one of eight out- 
puts on the timer prescaler. 
The table below shows the division 
resulting 
from decoding 
combinations 
of these three bits. 


P2 
P1 
PO 
Prescaler 
Division 


0 
0 
0 
1 (Bypass 
Prescalerl 
0 
0 
1 
2 
0 
1 
0 
4 
0 
1 
1 
8 
1 
0 
0 
16 
1 
0 
1 
32 
1 
1 
0 
64 
1 
1 
1 
128 


Example 
1 
To emulate 
an MC6805R2/MC6805U2 
to verify 
your 
program 
with 
an RC oscillator 
and an 
event count 
input 
for the timer with 
no prescaling, 
the mask option 
register 
would 
be set to 
1111סס oo. To write 
the mask option 
register, 
it is simply 
programmed 
as any other 
EPROM 
byte. 


Example 2 
Suppose 
you wish 
to use programmable 
prescaler 
functions 
(MC6805R3/MC6805U3 
emula- 
tion), 
and you wish the initial condition 
of the prescaler to be divided 
by 64, with the input dis- 


abled and an internal 
clock 
source. 
If the clock 
oscillator 
was to be in the crystal 
mode, 
the 
mask option 
register 
would 
be set to 0סס oo110. 


The programming 
control 
register (PCR) at location 
$OOBis an 8-bit register which 
utilizes the three 
least significant 
bits (the five most significant 
bits are set to logic ones). This register provides 
the 


necessary control 
bits to allow programming 
the EPROM. The bootstrap 
program 
manipulates 
the 


PCR when programming 
so that users need not be concerned 
with the PCR in most applications. 
A 


description 
of each bit follows. 


Programming 


Control 


Register $OOB 


bO, PLE 
Programming 
Latch Enable - 
When cleared, 
this bit allows the address and data to be 


latched 
into the EPROM. 
When 
this bit is set, data can be read from 
the EPROM. 


1= (set) read EPROM 
0= (clear) latch address and data into EPROM (read disable) 
PLE is set during 
a reset, 
but 
may be cleared 
any time. 
However, 
its effect 
on the 


EPROM is inhibited 
if VPON is a logic one 


bl, 
F'GE 
Program 
Enable - 
When 
cleared, 
PGE enables programming 
of the EPROM. P'GE can 
only be cleared if PLE is cleared. 
PGE must be set when changing 
the address and data; 
i.e., setting 
up the byte to be programmed. 
1= (set) inhibit 
EPROM programming 
0= (clear) enable 
EPROM programming 
(if PIE is low) 
PGE is set during a reset; however, 
it has no effect 
on EPROM circuits 
if VPON is a logic 


one. 


b2, VPON 
(Vpp 
ON) - 
VPON is a read-only 
bit and when 
at a logic zero it indicates 
that a "high 
voltage" 
is present 
at the VPP pin. 


1= no "high 
voltage" 
on VPP pin 
0= "high 
voltage" 
on VPP pin 
VPON being one "disconnects" 
PGE and PLE from the rest of the chip, preventing 
acci- 
dental 
clearing 
of these bits from 
affecting 
the normal 
operating 
mode. 


NOTE 


VPON being zero does not indicate that the VPP level is correct 
for 
programming. 
It is used as a safety 
interlock 
for the user in the 


normal 
operating 
mode. 


VPON 
~ 
o 
0 
1 
0 
o 
1 
1 
1 
o 
0 
1 
0 
o 
1 
1 
1 


PLE 
Programming 
Conditions 
o 
Programming 
mode (program 
EPROM byte) 
o 
PGE and ITE disabled 
from 
system 
o 
Programming 
disabled 
(latch address and data in EPROM) 
o 
PGE and PIE disabled 
from system 
1 
Invalid state; 
PGE=O 
iff PLE=O 
1 
Invalid state; 
PGE=O 
iff PIE = 0 
1 
"High 
voltage" 
on VPP 
1 
PGE and PLE disabled 
from 
system 
(operating 
mode) 


II 


•• 


9.3 
ERASING 
THE EPROM 


The EPROM can be erased by exposure 
to high-intensity 
ultraviolet 
(UV) light with a wavelength 
of 
2537 angstroms. 
The recommended 
integrated 
dose (UV intensity 
x exposure 
time) is 25 Ws/cm2. 


The lamps should 
be used without 
shortwave 
filters and the EPROM should 
be positioned 
about 
one inch from the UV tubes. 
Ultraviolet 
erasure clears all bits of the EPROM to the zero state. Data 
is the entered 
by programming 
ones into the desired 
bit locations. 


CAUTION 


Be sure that the EPROM window 
is shielded 
from 
light except 
when 
erasing. 
This pro- 
tects both the EPROM and light-sensitive 
nodes. 


9.4 
PROGRAMMING 
FIRMWARE 


The MC68705R3, 
MC68705U3, 
MC68705R5, 
and MC68705U5 
have 120 bytes of mask ROM con- 


taining 
a bootstrap 
program 
which 
can be used to program 
the EPROM. 
The vector 
at addresses 
$FF6 and $FF7 is used to start executing 
the program. 
This vector is fetched 
when VIHTP is applied 
to pin 8 (TIMER 
pin) and the RESET pin is allowed 
to rise above VIRES +. Figure 9-1 provides 
a 
schematic 
diagram 
of a circuit and a summary 
of programming 
steps which 
can be used to program 
the EPROM. 
It is possible to program 
the EPROM via the bootstrap 
software 
and validate 
its con- 


tents in the secure mode. The only way to go from the secure mode to the non-secure 
mode is by 
erasing the entire 
EPROM. 


The MCM2532 
UV EPROM must first be programmed 
with 
an exact duplicate 
of the information 
that 
is to 
be transferred 
to 
the 
MC68705R3, 
MC68705U3, 
MC68705R5, 
or MC68705U5. 
Non- 


EPROM addresses are ignored 
by the bootstrap. 
Since the MC68705R3, 
MC68705U3, 
MC68705R5, 
or MC68705U5 
and the MCM2532 
are to be inserted and removed 
from the circuit, 
they should 
be 
mounted 
in sockets. 
In addition, 
the precaution 
below 
must be observed 
(refer to Figure 9-1). 


CAUTION 


Be sure S1 and S2 are closed and V CC and + 26 V are not applied 
when 
inserting 
the 
MC68705R3, 
MC68705U3, 
MC68705R5, 
or MC68705U5 
and MCM2532 
into their respec- 
tive sockets. 
This ensures that RESET is held low while 
inserting 
the devices. 


When 
ready 
to 
program 
the 
MC68705R3, 
MC68705U3, 
MC68705R5, 
or MC68705U5 
it is only 
necessary to provide VCC and + 26 volts, open switch 
52 (to apply Vpp and VIHTP), 
and then open 
S1 (to remove reset). Once the voltages 
are applied and both S2 and S1 are open, the CLEAR out- 
put control 
line (PB4) goes high and then low, then the 12-bit counter 
(MC14040B) 
is clocked 
by the 
PB3 output 
(COUNT). 
The 
counter 
selects 
the 
MCM2532 
EPROM 
byte 
which 
is to 
load 
the 
equivalent 
EPROM byte selected 
by the bootstrap 
program. 
Once the EPROM location 
is loaded, 
COUNT 
clocks the counter 
to the next EPROM location. 
This continues 
until the EPROM is com- 
pletely programmed 
at which 
time the programmed 
indicator 
LED is lit. The counter 
is cleared and 
the loop is repeated to verify the programmed 
data. The verified indicator 
LED lights if the program- 
ming is correct. 
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Summary 
of Programming 
Steps: 


1. When 
plugging 
in the MC68705R3, 
MC68705U3, 
MC68705R5, 
or MC68705U5 
0' the MCM2532 
be sure that 51 and 52 are closed 
and that VCC and 
+26 
V are not applied. 
2. To initiate 
programming, 
be sure 51 is closed, 
52 is closed and VCC and 
+ 25 V are applied. 
Then open 52, followed 
by 51. 


3. 8efo,e 
removing 
the MC68705R3, 
MC68705U3, 
MC68705R5, 
or MC68705U5, 
first close 52 and then close 51. Disconnect 
VCC and 
+ 26 V then remove 
the MC68705R3, 
MC68705U3, 
MC68705R5, 
0' MC68705U5. 


Figure 9- 1, Programming 
Connections 
Schematic 
Diagram 
• 


Once the EPROM has been programmed 
and verified, 
close switch 
S2 (to remove VPP and VIHTP) 
and close switch 
S1 (to reset I. Disconnect 
+ 26 volts and VCc. 
then remove the EPROM from 
its 
socket. 


9.6 EMULATION 


The MC68705R3 
and MC68705R5 
emulate 
the MC6805R2 
and MC6805R3 
while 
the MC68705U3 
and 
MC68705U5 
emulate 
the 
MC685U2 
and 
MC6805U3 
"exactly." 
MC6805R2, 
MC6805U2, 
MC6805R3, 
and 
MC6805U3 
mask features 
are implemented 
in the mask option 
register 
(MOR) 
EPROM 
byte. 
There 
are a few 
minor 
exceptions 
to the exactness 
of emulation 
which 
are listed 
below. 


1. The 
MC6805R2/MC6805U2 
and 
MC6805R3/MC6805U3 
"future 
ROM" 
areas are imple- 
mented 
in the MC68705R3/MC68705U3 
and MC68705R5/MC68705U5 
and these 1728 bytes 
must 
be 
left 
unprogrammed 
to 
accurately 
simulate 
the 
MC6805R21 MC6805U2 
and 
MC6805R3/MC6805U3. 
(The 
MC6805R2/MC6805U2 
and 
MC6805R3/MC6805U3 
read all 
zeros from 
this area.) 


2. The reserved 
ROM areas have different 
data stored 
in them 
and this 
data is subject 
to 
change 
without 
notice. 
The MC6805R2, 
MC6805U2, 
MC6805R3, 
and MC6805U3 
use the 
reserved 
ROM for the self-check 
feature 
while the MC68705R3, 
MC68705U3, 
MC68705R5. 
and MC68705U5 
use this area for the bootstrap 
program. 


3. The MC6805R2/MC6805U2 
and MC6805R3/MC6805U3 
read all ones in their48 
byte "future 
RAM" 
area. 
This 
RAM 
is 
not 
implemented 
in 
the 
MC6805R2/MC6805U2 
and 
MC6805R3/MC6805U3 
mask 
ROM 
version, 
but 
is implemented 
in the 
EPROM 
version 
(MC68705R3/MC68705U3 
and MC68705R5/MC68705U5l. 


4. The VPP line (pin 7) in the MC68705R3/MC68705U3 
and MC68705R5/MC68705U5 
EPROM 
versions 
is 
tied 
to 
VCC 
for 
normal 
operation. 
In 
the 
MC6805R2/MC6805U2 
and 
MC6805R31 MC6805U3 
mask ROM versions, 
pin 7 is grounded 
in normal 
operation. 


6. The MC68705R3/MC68705U3 
and MC68705R5/MC68705U5 
EPROM versions 
do not func- 
tion in the MEX6805 Support 
System. 
In normal operation, 
all pin functions 
are the same as 
on the MC6805R2/MC6805U2 
and MC6805R3/MC6805U3 
mask ROM versions, 
except 
for 
pin 7 as previously 
noted. 


The operation 
of all other circuitry 
has been exactly duplicated 
or designed 
to function 
exactly 
the 


same way in all devices including 
interrupts, 
timer, data ports, and data direction 
registers (DDRs). 


SECTION 
10 
SOFTWARE 


The microcomputers 
have the ability to set or clear any single RAM or I/O bit (except the data direc- 
tion 
registers) 
with 
a single instruction 
(BSET, 
BCLR) 
(see Caution 
below). 
Any bit in page zero 
can be tested using the BRSET and BRCLR instructions 
and the program 
branches as a result of its 
state. 
The carry bit equals the value of the bit references 
by BRSET or BRCLR. 
The capability 
of 
working 
with 
any bit in RAM, 
ROM, or I/O allows 
the user to have individual 
flags in RAM or to 
handle single 
I/O bits as control 
lines. 


CAUTION 
The corresponding 
data direction 
registers for ports A, B, and C are write-only 
registers 
(locations 
$004, $005, and $006). A read operation 
on these registers is undefined. 
Since 
BSET and BCLR are read-modify-write 
functions, 
they cannot 
be used to set a data direc- 
tion regiser bit (all "unaffected" 
bits would 
be setl. 
It is recommended 
that all data direc- 
tion register 
bits in a port be written 
using a single-store 
instruction. 


The coding 
examples shown 
in Figure 10-1 illustrate 
the usefulness 
of the bit manipulation 
and test 
instruction. 
Assume 
that the microcomputer 
is to communicate 
with an external serial device. 
The 
external device has a data ready signal, a data output 
line, and a clock line to clock data one bit at a 
time, 
least significant 
bit first out of the device. 
The microcomputer 
waits 
until the data is ready, 
clocks 
the external 
device, 
picks 
up the data in the carry 
flag, 
clears the clock 
line, and finally 
accumulates 
the data bit in a random-access 
memory 
location. 


READY - 
2 p 


Serial 
Clock 
10 
MCU 
Device 
R 
T 
Data 
OA- 


SELF 
BRSET 
2,PORTA,SELF 


BSET 
I ,PORTA 
BRCLR 
o ,PORTA 
,CONT 
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BCLR 
I,PORTA 
ROR 
RAMLOC 
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The microcomputers 
have ten addressing 
modes available for use by the programmer. 
They are ex- 
plained 
briefly 
in the 
following 
paragraphs. 
For additional 
details 
and illustrations, 
refer to the 
M6805 HMOS/Ml46805 
CMOS 
Family Microcomputer/Microprocessor 
User's Manual. 


The term "effective 
address" 
lEA) is used in describing 
the addressing 
modes. 
EA is defined 
as the 
address from which 
the argument 
for an instruction 
is fetched 
or stored. 


10.2.1 
Immediate 


In the immediate 
addressing 
mode, the operand 
is contained 
in the byte immediately 
following 
the 
opcode. 
The immediate 
addressing 
mode is used to access constants 
which 
do not change 
during 
program 
execution 
le.g., 
a constant 
used to initialize 
a loop counter). 


10.2.2 
Direct 


In the direct addressing 
mode, 
the effective 
address of the argument 
is contained 
in a single byte 
following 
the opcode 
byte. 
Direct 
addressing 
allows 
the user to directly 
address 
the lowest 
256 
bytes in memory with a single two-byte 
instruction. 
This address area includes all on-chip 
RAM and 
1/0 
registers and 128 bytes of ROM. Direct addressing 
is an effective 
use of both memory and time. 


In the extended 
addressing 
mode, 
the effective 
address of the argument 
is contained 
in the two 
bytes following 
the opcode. 
Instructions 
with 
extended 
addressing 
modes are capable of referenc- 
ing arguments 
anywhere 
in memory 
with a single three-byte 
instruction. 
When 
using the Motorola 
assembler, 
the user need not specify 
whether 
an instruction 
uses direct 
or extended 
addressing. 
The assembler 
automatically 
selects the shortest 
form 
of the instruction. 


10.2.4 
Relative 


The relative addressing 
mode is only used in branch 
instructions. 
In relative addressing, 
the con- 
tents of the 8-bit signed byte lthe offset) 
following 
the opcode 
is added to the PC if, and only if, the 
branch 
condition 
is true. 
Otherwise, 
control 
proceeds 
to the next instruction. 
The span of relative 
addressing 
is from 
- 126 to + 129 from the opcode address. The programmer 
need not worry about 
calculating 
the correct 
offset 
if he uses the Motorola 
assembler, 
since it calculates 
the proper offset 
and checks 
to see if it is within 
the span of the branch. 


10.2.5 
Indexed, 
No Offset 


In the indexed, 
no offset addressing 
mode, the effective 
address of the argument 
is contained 
in the 
8-bit index register. 
Thus, this addressing 
mode can access the first 256 memory 
locations. 
These 
instructions 
are only on byte long. This mode is often used to move a pointer 
through 
a table or to 
hold the address of a frequently 
referenced 
RAM or 1/0 
location. 


10.2.6 
Indexed, 
8-Bit 
Offset 


In the indexed, 
8-bit offset addressing 
mode, the effective 
address is the sum of the contents 
of the 
unsigned 
8-bit index register and the unsigned 
byte following 
the opcode. 
This addressing 
mode is 


useful in selecting 
the kth element 
in an n element 
table. With 
this two-byte 
instruction, 
k would 
typically 
be in X with 
the address of the beginning 
of the table in the instruction. 
As such, tables 


may begin anywhere 
within 
the first 256 addressable 
locations 
and could extend 
as far as location 
510 ($1 FE is the last location 
at which 
the instruction 
may begin). 


10.2.7 
Index, 
16-Bit Offset 


In the indexed, 
16-bit offset 
addressing 
mode, 
the effective 
address is the sum of the contents 
of 


the unsigned 
B-bit index register and the two unsigned 
bytes following 
the opcode. 
This addressing 
mode can be used in a manner similar to indexed, 
B-bit offset except that this three-byte 
instruction 
allows tables to be anywhere 
in memory. 
As with direct and extended, 
the Motorola 
determines 
the 
shortest 
form 
of indexed 
addressing. 


10.2.8 
Bit Set/Clear 


In the bit set/ clear addressing 
mode, the bit to be set or cleared is part of the opcode, 
and the byte 
following 
the opcode specifies the direct addressing 
of the byte in which the specified 
bit is to be set 
or cleared. 
Thus, 
any read/write 
bit in the first 256 locations 
of memory, 
including 
I/O, 
can be 
selectively 
set or cleared with 
a single two-byte 
instruction. 


CAUTION 


The corresponding 
DDRs for ports A, B, and C are write-only 
registers (registers 
at $004, 


$005, and $006). A read operation 
on these registers 
is undefined 
since BSET and BCLR 
are read-modify-write 
in function, 
they cannot 
be used to set or clear a single DDR bit (all 
"unaffected" 
bits would 
be set). It is recommended 
that all DDR bits in a port must be 


written 
using a single-store 
instruction. 


10.2.9 
Bit Test and Branch 


The bit test and branch addressing 
mode is a combination 
of direct addressing 
and relative address- 


ing. The bit which 
is to be tested 
and condition 
(set or clear! 
is included 
in the opcode, 
and the 
address of the byte to be tested 
is in the single byte immediately 
following 
the opcode 
byte. The 
signed relative B-bit offset 
in the third byte is added to the PC if the specified 
bit is set or cleared in 
the specified 
memory 
location. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based on the condition 
of any readable bit in the first 256 locations 
of memory. 
The span of bran- 
ching is from 
- 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred 
to the carry bit of the condition 
code registers. 
See Caution 
under paragraph 
10.2.8. 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is con- 
tained 
in the opcode. 
Operations 
specifying 
only the index register or accumulator, 
as well as con- 


trol instruction 
with 
no other agruments, 
are included 
in this mode. These instructions 
are one byte 
long. 


The MCU has a set of 59 basic instructions, 
which 
when combined 
with 
the 10 addressing 
modes 
produce 
207 usable opcodes. 
They can be divided 
into five types: 
register/memory, 
read-modify- 
write, 
branch, 
bit manipulation, 
and control. 
The following 
paragraphs 
briefly explain each type. All 
the instructions 
within 
a given type are presented 
in individual 
tables. 


• 


• 


10.3.1 
Register/Memory 
Instructions 


Most 
of these instructions 
use two operands. 
One operand 
is either the accumulator 
or the index 
register. 
The other operand 
is obtained 
from meory using one of the addressing 
modes. 
The jump 
unconditional 
(JMPl 
and jump to subroutine 
USR) 
instructions 
have no register operand. 
Refer to 
Table 10-1. 


10.3.2 
Read-Modify-Write 
Instructions 


These instructions 
read a memory 
location 
or a register, 
modify 
or test its contents, 
and write 
the 
modified 
value back to memory 
or to the register (see Caution 
under paragraph 
10.2.8). The test for 
negative 
or zero (TST) instructions 
is included 
in the read-modify-write 
instructions, 
though 
it does 
not perform 
the write. 
Refer to Table 10-2. 


10.3.3 
Branch 
Instructions 


The branch instructions 
cause a branch from the program 
when a certain condition 
is met. Refer to 
Table 10-3. 


10.3.4 
Bit Manipulation 
Instructions 


These 
instructions 
are used 
on any 
bit 
in the 
first 
256 bytes 
of 
memory; 
see Caution 
under 
paragraph 
10.2.8. One group either sets or clears. The other group performs 
the bit test and branch 
operations. 
Refer to Table 10-4. 


10.3.5 
Control 
Instructions 


The control 
instructions 
control 
the 
MCU 
operations 
during 
program 
execution. 
Refer to Table 
10-5. 


10.3.6 
Alphabetical 
Listing 


The complete 
instruction 
set is given in alphabetical 
order in Table 10-6. 


10.3.7 
Opcode 
Map Summary 


Table 10-7 is an opcode 
made for the instructions 
used on the MCU. 


Addressing 
Modes 


Indexed 
Indexed 
Indexed 


Immediate 
Direct 
Extended 
INo Offset! 
18-Bit Offset) 
116-Bit Offset) 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from 
Memory 
LOA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
D6 
3 
6 


Load X from 
Memory 
LDX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Store A in Memory 
STA 
- 
- 
- 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
D7 
3 
7 


Store X in Memory 
STX 
- 
- 
- 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
DF 
3 
7 


Add 
Memory 
to A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add 
Memory 
and Carry to A 
ADC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
D9 
3 
6 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 


Subtract 
Memory 
from 
A 


with 
Borrow 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
D2 
3 
6 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
D4 
3 
6 


OR Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
DA 
3 
6 


Exclusive 
OR Memory 
with 
A 
EOR 
A8 
2 
2 
B8 
2 
4 
C8 
3 
5 
F8 
1 
4 
E8 
2 
5 
D8 
3 
6 


Arithmetic 
Compare A 
with Memory 
CMP 
Al 
2 
2 
B1 
2 
4 
C1 
3 
5 
F1 
1 
4 
E1 
2 
5 
D1 
3 
6 


Arithmetic 
Compare 
X 
with Memory 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
D3 
3 
6 


Bit Test Memory with A 


I Logical 
Compare) 
BIT 
A5 
2 
2 
B5 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
D5 
3 
6 


Jump 
Unconditional 
JMP 
- 
- 
- 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump to Subroutine 
JSR 
- 
- 
- 
BD 
2 
7 
CD 
3 
8 
FD 
1 
7 
ED 
2 
8 
DD 
3 
9 


• 


Addressing 
Modes 


Indexed 
Indexed 


Inherent 
IA) 
Inherent 
(X! 
Direct 
INo Offset! 
lB· Bit Offset! 


op 
# 
# 
op 
# 
# 
op 
# 
# 
op 
# 
# 
op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
oEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 
12's Complementl 
NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 


Rotate Left Thru Carry 
RoL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate Right Thru Carry 
RoR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


Logical 
Shift 
Left 
LSL 
48 
1 
4 
58 
1 
4 
3B 
2 
6 
7B 
1 
6 
66 
2 
7 


Logical 
Shift 
Right 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


Arithmetic 
Shift Right 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Test for Negative or Zero 
TST 
40 
1 
4 
50 
1 
4 
3D 
2 
6 
70 
1 
6 
60 
2 
7 


Relative 
Addressing 
Mode 


Op 
I 
I 


Function 
Mnemonic 
Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch 
IFF Higher 
BHI 
22 
2 
4 


Branch 
IFF Lower 
or Same 
BLS 
23 
2 
4 


Branch 
IFF Carry Clear 
BCC 
24 
2 
4 


IBranch 
IFF Higher 
or Same) 
IBHS) 
24 
2 
4 


Branch 
IFF Carry Set 
BCS 
25 
2 
4 


IBranch 
IFF Lower) 
IBLOI 
25 
2 
4 


Branch 
IFF Not Equal 
BNE 
26 
2 
4 


Branch 
IFF Equal 
BEG 
27 
2 
4 


Branch 
IFF Half Carry Clear 
BHCC 
28 
2 
4 


Branch 
IFF Half Carry 
Set 
BHCS 
29 
2 
4 


Branch 
IFF Plus 
BPL 
2A 
2 
4 


Branch 
IFF Minus 
BMI 
2B 
2 
4 


Branch IFF Interrupt 
Mask 


Bit is Clear 
BMC 
2C 
2 
4 


Branch IFF Interrupt 
Mask 


Bit is Set 
BMS 
2D 
2 
4 


Branch IFF Interrupt 
Line 
is Low 
BIL 
2E 
2 
4 


Branch IFF Interrupt 
Line 


is High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSA 
AD 
2 
8 
• 


Addressin 
Modes 


Bit Setl Clear 
Bit Test and Branch 


Op 
I 
I 
Op 
I 
I 
Function 
Mnemonic 
Code 
Bvtes 
Cvcles 
Code 
Bvtes 
Cvcles 


Branch IFF Bit n is Set 
BASEl 
nln=O 
. . .71 
- 
- 
- 
20n 
3 
10 


Branch IFF Bit n is Clear 
BACLA 
nln=O. 
.7) 
- 
- 
- 
01+2-n' 
3 
10 


Set Bit n 
BSEl 
nln= 
O. . .7) 
10+ 2-n 
2 
7 
- 
- 
- 


Clear Bit n 
BCLA 
nln~O 
. . .71 
11 +2-" 
2 
7 
- 
- 
- 


• 


Inherent 


Op 
, 
, 


Function 
Mnemonic 
Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
1 
2 


T ranster 
X to A 
TXA 
9F 
1 
2 


Set Carry Bit 
SEC 
99 
1 
2 


Clear 
Carry 
Bit 
CLC 
9B 
1 
2 


Set Interrupt Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt Mask Bit 
ClI 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return from Subroutine 
RTS 
81 
1 
6 


Return from Interrupt 
RT! 
80 
1 
9 


Reset Stack Pomter 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
1 
2 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Set! 
Test 
& 
Mnem 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
IS Bits) 
116 Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


AOC 
X 
X 
X 
X 
X 
X 
II • II II 
II 


ADO 
X 
X 
X 
X 
X 
X 
II • II II 
II 


AND 
X 
X 
X 
X 
X 
X 
• • II II • 


ASL 
X 
X 
X 
X 
• • II II 
II 


ASR 
X 
X 
X 
X 
• • II II 
II 


BCC 
X 
• • • • • 


BCLR 
X 
• • • • • 
BCS 
X 
• • • • • 
BEG 
X 
• • • • • 
BHCC 
X 
• • • • • 


BHCS 
X 
• • • • • 
BHI 
X 
• • • • • 
BHS 
X 
• • • • • 
BIH 
X 
• • • • • 


BIL 
X 
• • • • • 
BIT 
X 
X 
X 
X 
X 
X 
• • II II • 
BLO 
X 
• • • • • 
BLS 
X 
• • • • • 
BMC 
X 
• • • • • 
BMI 
X 
• • • • • 
BMS 
X 
• • • • • 
BNE 
X 
• • • • • 
BPL 
X 
• • • • • 
BRA 
X 
• • • • • 


CondltlOn Code Symbols: 


H 
Half Carry IFrom 
Bit 31 


I 
Interrupt 
Mask 
N 
Negative 
I Sign BIt) 


Z 
Zero 


C 
Carry/ Borrow 


1\ 
Test and Set if True, Cleared Otherwise 


• 
Not A ffeeted 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Setl 
Test 
& 
Mnem 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(88its) 
(168its) 
Clear 
Branch 
H 
I 
N 
Z 
C 


BRN 
X 
• • • • • 
BRClR 
X 
• • • • 


1\ 


BRSEl 
X 
• • • • 


1\ 


BSET 
X 
• • • • • 
BSR 
X 
• • • • • 


Cll 
X 
• • • • 0 


CLI 
X 
• 0 • • • 


ClR 
X 
X 
X 
X 
• • 0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • /\ 
/\ 
1\ 


COM 
X 
X 
X 
X 
• • 


1\ 
1\ , 


CPX 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


DEC 
X 
X 
X 
X 
• • /\ 
1\ • 


EOR 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 
INC 
X 
X 
X 
X 
• • /\ 
1\ • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 
lDA 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 
lDX 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 
lSl 
X 
X 
X 
X 
• • 
1\ 
/\ 
1\ 


lSR 
X 
X 
X 
X 
• • 0 
1\ 
1\ 


NEO 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


NOP 
X 
• • • • • 


ORA 
X 
X 
X 
X 
)( 
X 
X 
• • 


1\ 
1\ • 
ROl 
X 
X 
X 
X 
• • /\ 
1\ 
1\ 


RSP 
X 
• • • • • 
RTI 
X 
, , 
? , , 


RTS 
X 
• • • • • 
SBC 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


SEC 
X 
• • • • , 


SEI 
X 
• 
1 • • • 


STA 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


STX 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


SUB 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


SWI 
X 
• , • • • 
TAX 
X 
• • • • • 
TST 
X 
X 
X 
X 
• • 
1\ 
1\ • 


TXA 
X 
• • • • • 


Condition 
Code Symbols: 


H 
Half Carry (From 
Bit 31 


I 
Interrupt 
Mask 
N 
Negative 
(Sign 
Bitl 


Z 
Zero 


C 
Carry/Borrow 


/\ 
Test and Set if True, Cleared Otherwise 
Not Affected 


Load CC Register From Stack 


• 


• 


Bit Manipuletion 
Branch 
Read/Modify/Write 


BTB 
BSe 
REL 
DIR 
A 
X 
IXI 
IX 


~ 
0 
1 
2 
3 
4 
5 
6 
7 


Low 
I 
am 
lXXl' 
0010 
0011 
0100 
0101 
0110 
0111 


10 
5 
7 
5 
• 
3 
6 
5 
• 
3 
• 
37 
6 
6 
, 


0 
BRSETO 
BSETO 
BRA 
NEG 
NEG 
NEG 
NEG 
NEG 


am 
3 
BTB 2 
Bse 
2 
REL 2 
olR 
1 
A , 
x 
2 
IXI 
, 
IX 


10 
5 
7 
5 
• 
3 


1 
BRCLRO 
BCLRO 
BRN 


lXXl' 
3 
BTB 2 
ase 
2 
REL 


10 
5 
7 
5 
• 
3 


2 
BRSETl 
BSETl 
BHI 


00'0 
3 
BTB 2 
ase 
2 
REL 


10 
5 
7 
5 
• 
3 
6 
5 
• 
3 
• 
3 
7 
6 
6 
5 


3 
BRCLRl 
BCLRl 
BLS 
COM 
COM 
COM 
COM 
COM 


0011 
3 
BTB 2 
ese 
2 
REL 2 
o'R , 
A 
1 
X 
2 
IX' 
I 
IX 


10 
5 
7 
5 
• 
3 
6 
5 
• 
3 
• 
3 
7 
6 
6 
5 


4 
BRSET2 
BSET2 
BCC 
LSR 
LSR 
LSR 
LSR 
LSR 


0100 
3 
BTB 2 
ase 
2 
REL 2 
o.R , 
A 
I 
X 
2 
IXI 
I 
IX 


10 
5 , 
5 
• 
3 
5 
BRCLR2 
BCLR2 
BCS 


0101 
3 
BTB 2 
Bse 
2 
REL 


'0 
5 
7 
5 
• 
3 
6 
5 
• 
3 
• 
37 
6 
6 
5 


6 
BRSETJ 
BSET3 
BNE 
ROR 
ROR 
ROR 
ROR 
ROR 


0110 
3 
BTB 2 
Bse 
2 
REL 2 
olR 
I 
A , 
x 
2 
IX' 
, 
IX 


10 
5 
7 
5 
• 
3 
6 
5 
• 
3 
• 
3 
7 
6 
6 
5 


7 
BRCLR3 
BCLR3 
BED 
ASR 
ASR 
ASR 
ASR 
ASR 


0111 
3 
BTB 2 
Bse 
2 
REL 2 
olR 
I 
A , 
x 
2 
IX' 
, 
IX 


10 
5 
7 
5 
• 
3 
6 
5 
• 
3 
• 
3 , 
6 
6 
5 


B 
BRSET4 
BSET4 
BHCC 
LSL 
LSL 
LSL 
LSL 
LSL 


IlXXl 
3 
BTB 2 
Bse 
2 
REL 2 
olR 
I 
A 
I 
X 
2 
IXI 
I 
IX 


10 
5 
7 
5 
• 
3 
6 
5 
• 
3 
• 
3 
7 
6 
6 
5 


9 
BRCLR4 
BCLR4 
BHCS 
ROL 
ROL 
ROL 
ROL 
ROL 


1001 
3 
BTB 2 
ase 
1 
REL 2 
o.R , 
A 
I 
X 
2 
IXI 
I 
IX 


10 
5 
7 
5 
• 
3 
6 
5 
• 
3 
• 
3 
7 
6 
6 
5 


A 
BRSET5 
BSET5 
BPL 
DEC 
DEC 
DEC 
DEC 
DEC 


1010 
3 
BIB 
2 
sse 
2 
REL 2 
o.R , 
A , 
x 
2 
IXI 
1 
IX 


10 
5 
7 
5 
• 
3 


B 
BRCLR5 
BCLR5 
BMI 


1011 
BTB 2 
Bse 
2 
REL 


10 
5 
7 
5 
• 
3 
6 
5 
• 
3 
• 
3 , 
6 
6 
5 


C 
BRSET6 
BSET6 
BMC 
INC 
INC 
INC 
INC 
INC 


1100 
BIB 
2 
ase 
2 
REL 2 
olR 
1 
A 
1 
X 
2 
IXI 
1 
IX 


'0 
5 , 
5 
• 
3 
6 
• • 
3 
• 
3 , 
5 
6 
. 


D 
BRCLR6 
BCLR6 
BMS 
TST 
TST 
TST 
TST 
TST 


1101 
BTB 2 
Bse 
2 
REL 2 
olR 
1 
A , 
x 
2 
IXI 
, 
IX 


10 
7 
7 
5 
• 
3 


E 
BRSETl 
BSET7 
BIL 


1110 
BIB 
2 
sse 
1 
REL 


'0 
, , 
5 
• 
3 
6 
5 
• 
3 
• 
3 , 
6 
6 
5 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
CLR 
CLR 
CLR 
CLR 


1111 
BTB 2 
Bse 
2 
REL 2 
o.R , 
A , 
x 
2 
IXI 
1 
IX 


Abbreviations 
for Address 
Modes 


Extended 
IX 
Relative 
IX 1 
Bit Set/Clear 
IX2 
B.t Test and Branch 
* 


Indexed 
I No Offsetl 
Indexed. 
1 Byte 18·Bit! Offset 
Indexed. 
2 Byte 116·Bitl 
Offset 
Ml46805 
CMOS 
FamIly Only 


Inherent 


Accumulator 
Index Register 
Immediate 
.• 


Direct 


Control 
Reoister/Memory 


INH 
INH 
IMM 
DIR 
EXT 
1X2 
IXI 
IX 


8 
9 
A 
B 
C 
0 
E 
F 


~ 
ltXX! 
1001 
1010 
1011 
1100 
1101 
1110 
1111 
I 
Low 


9 
9 
, 
, 
4 
3 
5 
4 
6 
5 
5 
44 
3 


RTI 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
0 


I 
IN" 
, 
''''''' , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
1 
IXססoo 


6 
6 
, 
, 
4 
35 
4 
6 
5 
5 
4 
4 
3 


RTS 
CMP 
CMP 
CMP 
CMP 
CMP 
CMP 
1 


1 
INH 
, 
''''''' , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
1 
IX 
0001 
, 
, 
4 
35 
4 
6 
5 
5 
4 
4 
3 
2 
SBC 
SBC 
SBC 
SBC 
SBC 
SBC 
, 
''''''' , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
I 
IX 
0010 


11 
10 
, 
, 
4 
3 
5 
4 
6 
5 
5 
44 
3 


SWI 
CPX 
CPX 
CPX 
CPX 
CPX 
CPX 
3 


I 
INH 
, 
''''''' , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
I 
IX 
0011 
, 
, 
4 
3 
5 
4 
6 
5 
5 
44 
3 


AND 
AND 
AND 
AND 
AND 
AND 
4 
, 
''''''' , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
I 
IX 
0100 
, 
, 
4 
3 
5 
4 
6 
5 
5 
44 
3 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
5 
, 
''''''' , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
1 
IX 
0101 
, 
, 
4 
35 
4 
6 
5 
5 
4 
4 
3 


LOA 
LOA 
LOA 
LOA 
LOA 
LOA 
6 
, 
''''''' , 
Do< 
3 
EXT 
3 
IX' , 
IXI 
1 
IX 
0110 
, 
, 
5 
4 
6 
5 
7 
6 
6 
5 
5 
4 
TAX 
STA 
STA 
STA 
STA 
STA 
7 


I 
INH 
, 
DIR 
3 
ExT 
3 
IX' , 
IXI 
1 
" 


0111 
, 
,, 
, 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


CLC 
EOR 
EOR 
EOR 
EOR 
EOR 
EOR 
8 


I 
INH , 
''''''' , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
1 
IX 
1000 
, 
, , 
, 
4 
35 
4 
6 
5 
5 
4 
4 
3 


SEC 
ADC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 


I 
INH , 
''''''' , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
1 
IX 
1001 
, 
, , 
, 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


CLI 
ORA 
ORA 
ORA 
ORA 
ORA 
ORA 
A 


I 
INH , 
''''''' , 
DIR 
3 
ExT 
3 
IX' , 
IXI 
I 
IX 
1010 
, 
, , 
, 
4 
3 
5 
4 
6 
5 
5 
44 
3 


SEI 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
B 


I 
INH , 
'''''' , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
I 
IX 
1011 
, 
, 
3 
, 
4 
35 
44 
33 
, 


RSP 
JMP 
JMP 
JMP 
JMP 
JMP 
C 


I 
INH 
, 
DIR 
3 
EXT 
3 
IX' , 
IXI 
1 
IX 
1100 
, 
, 
8 
6 
7 
5 
8 
6 
9 
, 
8 
6 
7 
5 


NOP 
BSR 
JSR 
JSR 
JSR 
JSR 
JSR 
0 


I 
'NH , 
REl , 
DIR 
3 
EXT 
3 
IX' , 
IXI 
1 
IX 
1101 
. 
, 
, 
, 
4 
35 
4 
6 
5 
5 
4 
4 
3 
STOP 
LOX 
LOX 
LOX 
LOX 
LOX 
LOX 
E 


I 
INH 
, 
'''''' , 
DIR 
3 
EXT 
3 
IX] 
"1 
'XI 
1 
IX 
1110 
. 
, , 
, 
5 
4 
6 
5 
7 
6 
6 
55 
4 


WAIT 
TXA 
STX 
STX 
STX 
STX 
STX 
F 


I 
INH 
I 
INH 
, 
DIR 
3 
EXT 
3 
Ix1 
:1 
IXI 
I 
IX 
1111 


Cycles.M6805 HMOS 
MnemOniC 


Bytes 
Cycles.M 146805CMOS 


SECTION 
11 
ELECTRICAL 
CHARACTERISTICS 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
0.3 to + 7.0 
V 


Input 
Voltage 


MC6805R2, 
MC6805R3, 
MC6805U2, 
and MC6805U3 
IExcept 


TIMER 
in Self-Check 
Mode 


and Open-Drain 
Inputs) 
Vin 
-0.3 
to + 7.0 
V 
Self-Check 
Mode 
ITIMER 
Pin Only! 
Vin 
-0.3 
to + 15.0 
V 


MC68705R3/MC68705U3 
EPROM 
Programming 
Voltage 


IVpp 
Pin} 
Vpp 
- 0.3 to + 22.0 
V 


TIMER 
Pin - 
Normal 
Mode 
Vin 
-0.3 
to + 7.0 
V 


TIMER 
Pin - 
Bootstrap 
Programming 
Mode 
Vin 
-0.3 
to + 15.0 
V 


All Others 
Vin 
-0.3 
to + 7.0 
V 


Operating 
Temperature 
Range 
TL to TH 
MC6805R2, 
MC6805U2, 
MC6805R3, 


MC6805U3, 
MC68705R3, 


MC68705U3, 
MC68705R5, 


MC68705U5 
TA 
o to + 70 
°c 
MC6805R2C, 
MC6805U2C, 
MC6805R3C, 
MC6805U3C, 
-40 
to B5 
MC68705R3C. 
MC68705U3C, 
MC68705R5C. 
MC68705U5C 


MC6805R2V. 
MC6805U2V. 


MC6805R3V. 
MC6805U3V 
-40 
to 105 


Storage Temperature 
Range 
Tsto 
55 to + 150 
°c 


Junction 
Temperature 


Plastic 
150 


Ceramic 
TJ 
175 
°C/W 


Cerdip 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
Plastic IP Suffix! 
- 
MC6805R2. 
MC6805U2. 


MC6805R3, 
MC6805U3 
60 


Ceramic 
- 
MC6805R2. 
MC6805U2. 
MC6805R3. 
8JA 
°C/W 
MC6805U3. 
MC68705R3. 
MC68705U3. 
50 
MC68705R5. 
MC68705U5 


Cerdip 
- 
MC6805R2. 
MC6805U2, 
MC6805R3 


MC6805U3, 
MC68705R5. 
MC68705U5 
60 


These devices contain 
cirCUitry 
to 
protect the inputs against damage 


due to high static 
voltages 
or elec- 


trical 
fields; 
however, 
it is advised 


that 
normal precautions 
be taken 
to avoid application of any voltage 
higher 
than 
maximum 
rated 


voltages 
to 
this 
high-impedance 


circuit. 
For proper 
operation 
it is 


recommended 
that 
Vin and Vout 
be 
constrained 
to 
the 
range 


VSSslVin 
and 
Vout}sVCc. 


Reliabiity of operation is enhanced 
if unused inputs except EXTAL are 
tied to an appropriate logic voltage 


levelle.g 
.• either 
VSS or VCC!. 


The average chip-junction 
temperature, 
TJ, in °C can be obtained 
from: 


TJ = TA + (PDeOJA) 
(1) 
Where: 
TA ==Ambient 
Temperature, 
°C 
OJA ==Package Thermal 
Resistance, 
Junction-to-Ambient, 
°C/W 


PD==PINT+ 
PPORT 
PINT==ICCxVCc. 
Watts 
- 
Chip Internal 
Power 
PPORT ==Port Power 
Dissipation, 
Watts 
- 
User Determined 
For most applications 
PPORT<l!1PINT and can be neglected. 
PPORT may become 
significant 
if 
the device is configured 
to drive Darlington 
bases or sink LED loads. 
An appropriate 
relationship 
between 
PD and TJ (if PPORT is neglected) 
is: 


PD= K~ (TJ+273°) 
(2) 
Solving 
equations 
1 and 2 for K gives: 


K = PDen A + 273°C) + OJAePD2 
(3) 
Where 
K is a constant 
pertaining 
to the particular 
part. K can be determined 
from equation 
3 by 


measuring 
PD (at equilibrium) 
for a known 
TA. Using this value of K the values of PD and TJ can be 
obtained 
by solving 
equations 
(1) and (2) iteratively 
for any value of TA 


TestPolnt~ I30 pF IT otall 
40PFT 
j 
12kG 


notallr 


Figure 
1'-'. 
TIL 
Equivalent 
Test Load 
(Port 
B) 
Figure' 
'-2. 
CMOS 
Equivalent 
Test Load 
(Port A) 


-J 


VCC=5.75V 


3.34 kG 


Test 
Point 
T 30 pF lTotall 


Figure' 
'-3. 
TIL 
Equivalent 
Test Load 
(Ports A and C) 
Figure' 
'-4. 
Open-Drain 
Equivalent 
Test Load 
(Port C) 


• 


• 


11.4.1 
Electrical 
Characteristics 
(VCC= 
+5.25 
Vdc 
±O.5 Vdc, VSS=O 
Vdc, 
TA=TL 
to TH 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 


RESET 1475sVccs5751 
4.0 
- 
VCC 
1VCC<4751 
VCC-05 
- 
VCC 
INT 14 75sVCCs5751 
VIH 
4.0 
· 
VCC 
V 


1VCC <4751 
VCC-O 
5 
· 
VCC 


All Other 
20 
- 
V·CC 


Input High Voltage Timer 
Timer Mode 
VIH 
20 
- 
VCC + 1.0 
V 


Self-Check 
Mode 
9.0 
10.0 
150 


Input 
Low Voltage 
RESET 
VSS 
- 
08 


INT 
VIL 
VSS 
· 


1.5 
V 


All Other (Except AID Inputs) 
VSS 
- 
08 


RESET HysteresIs 
Voltages 
{See Figures 7·1,7-2. 
and 7-3) 


"Out 
01 Reset" 
VIRES + 
2 1 
- 
40 
V 


"Into 
Reset" 
VIRES- 
0.8 
- 
20 


INT Zero Crossing 
Input Voltage. 
Through 
a Capacitor 
VI NT 
2 
- 
4 
Vac p-p 


Power 
Oissipation 
- 
(No Port Loading, 
VCC=5.75 
V 
TA~O'C 
PD 
- 
520 
740 
mW 
for Steady-State 
Operation) 
TA~ 
-40'C 
- 
580 
800 


Input CapaCitance 
XTAL 
C,n 
- 
25 
- 
pF 


All Other Except Analog Inputs (See Notel 
- 
10 
- 


Low Voltage Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
VLVI 
2.75 
3.75 
470 
V 


Input Current 
TIMER 
(Von=041 
- 
- 
20 


INT (V,n=24 
V to VCCI 
- 
20 
50 


EXTAL 
(Von=24 
V to VCC Crystal 
Opt,onl 
I.n 
- 
- 
10 
pA 


(V1n = 0.4 V Crystal Option) 
- 
- 
-1600 


RESET (Vin~0_8 
VI 
IRES 
-4.0 
- 
-40 


t External 
Capacitor 
Charging 
Current! 


Ch.r.eterillic 
Symbol 
Min 
Typ 
MIX 
Unit 


Oscillator 
Frequency 
lose 
04 
- 
42 
MHz 


Cycle Time 
14/fosel 
teve 
095 
- 
10 
~s 


TNT, "i"NU, 
and TIMER 
Pulse Width 
tWL,lWH 
leve+ 
250 
- 
- 
ns 


RESET Pulse Width 
IRWL 
leve + 250 
- 
- 
ns 


INT Zero-Crossing 
Detection 
Input 
Frequency 
liNT 
0.03 
- 
1 
kHz 


External 
Clock 
Inpul 
Duty 
Cycle IEXTALJ 
- 
40 
50 
60 
% 


Crystal Oscillator 
Start-Up 
Time· 
- 
- 
100 
ms 


".4.3 
AID 
Converter 
Characteristics 
(VCC = + 5.25 Vdc ± 0.5 Vdc. VSS = 0 Vdc. TA = TL to TH 
unless otherwise 
noted) 


Min 
":'yp 
Max 
Unrt 
Comments 


Resolution 
8 
8 
8 
Bns 


Non-Linearity 
- 
- 
± 1/2 
LS8 
For VRH 
40 
to 5.0 V and VRL 
OV 


Quantizing 
Error 
- 
- 
± 1/2 
LSB 


ConverSion 
Range 
VRL 
- 
VRH 
V 


VRH 
- 
- 
VCC 
V 
AID 
accuracy 
may decrease 
proportionately 
as 


VRL 
VSS 
- 
0.2 
V 
VRH is reduced 
below 4.0 V. The sum of VRH 
and 


VAL 
must 
not exceed 
VCC. 


Conversion 
Time 
30 
30 
30 
teye 
Includes sampling time 


Monotonicity 
Inherent (within 
total errod 


Zero Input Reading 
00 
00 
01 
hexadeCimal 
Vtn=O 


Ratiometric 
Reading 
FE 
FF 
FF 
hexadeCimal 
VIn = VRH 


Sample Time 
5 
5 
5 
'eye 
Samptel Hold 
Capacitance. 
Input 
- 
- 
25 
pF 


Analog 
Input Voltage 
VRL 
- 
VRH 
V 
Negative 
tranSients 
on any analog 
lines (Pins 
19·24) 


are not allowed 
at any time dUring converSIon 


• 


11.4.4 
Port Electrical Characteristics (VCC= 
+5.25 
Vdc 
±O.5 Vdc, 
VSS=O 
Vdc, 
TA=TL 
to TH 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
I 
Max 
Unit 


Port A with CMOS 
Drive Enabled 


Output Low Voltage 'Load= 
1.6 mA 
Vnl 
- 
- 
0.4 
V 


Output High Voltage 'Load - - tOO.A 
VOH 
24 
- 
- 
V 


Output 
High Voltage 'Load- 
1O.A 
VOH 
VCC-t 
- 
- 
V 


Input High Voltage 
'Load- 
300 pA (mad 
V,H 
20 
- 
Vrr 
V 


Input Low Voltage ILoad- 
5(X)pA (maxI 
V,L 
VSS 
- 
08 
V 


Hi-Z State Input Current (Vin- 2.0 V to Vecl 
IIH 
- 
- 
-300 
.A 


Hi-Z State Input Current (Vin - 0.4 V) 
IlL 
- 
- 
-500 
.A 


Port B 


Output 
Low Voltage 'Load: 
3.2 mA 
VOL 
- 
- 
04 
V 


Output 
Low Voltage ILoad-10 
mA (sink) 
VOL 
- 
- 
to 
V 


Output 
High Voltage 'Load- 
- 200.A 
VOH 
24 
- 
- 
V 


Darlington Current Drive (Source) VO-l.5 
V 
'OH 
-1.0 
- 
-10 
mA 


Input HIgh Voltage 
V,H 
20 
VCC 
V 


Input Low Voltage 
V'L 
VSS 
- 
08 
V 


Hi-Z State Input Current 
'TSI 
- 
<2 
10 
.A 


Port C and Port A with CMOS 
Device Disabled 


Ouput Low Voltage 'Load - 1 6 mA 
VOL 
- 
- 
04 
V 


Output 
High Voltage 'Load- 
-l00.A 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
V,H 
20 
- 
VCC 
V 


Input Low Voltage 
V,L 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
'TSI 
- 
<2 
10 
.A 


Port C (Open-Drain 
Option I 


Input High Voltage 
V,H 
2.0 
- 
130 
V 


Input Low Voltage 
V,L 
VSS 
- 
08 
V 


Input Leakage Current 1Vin: 
13.0 VI 
'LOD 
- 
<3 
15 
.A 


Output 
Low Voltage ILoad = 1.6 mA 
VOL 
- 
- 
04 
V 


Port 0 IDigital Inputs Only) 


Input High Voltage 
I 
V,H 
20 
I 
- 
I 
VCC 
I 
V 


Input Low Voltage 
V,L 
VSS 
I 
- 
I 
08 
V 


Input Current * 
',n 
~ 
I 
<1 
I 
5 
I 
.A 


11.5.1 
Electrical Characteristics (VCC= 
+5.25 
Vdc 
±O.5 Vdc, 
VSS=O 
Vdc, TA=TL 
to TH 


unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 


RESET 14.75sVCCs5.751 
4.0 
- 
VCC 


IVCC<4.751 
VCC-0.5 
- 
VCC 


INT 14.75sVCCs5.751 
V,H 
4.0 
* 
VCC 
V 
IVCC<4.751 
VCC-0.5 
* 
VCC 
All Other (Except Timerl 
2.0 
- 
VCC 


Input High Voltage Timer 
Timer Mode 
V,H 
2.0 
- 
VCC+ 
1.0 
V 
Self-Check 
Mode 
gO 
10.0 
15.0 


Input Low Voltage 
RESET 
VSS 
- 
08 
INT 
V,L 
VSS 
" 
1.5 
V 
All Other 
VSS 
- 
0.8 


RESET Hysteresis 
Voltages 
(See Figures 7-1.7-2. 
and 7-31 
"Out of Reset" 
V'RES + 
2 1 
- 
4.0 
V 
"Into 
Reset" 
VIRES- 
0.8 
- 
20 


INT Zero Crossing Voltage, 
Through a Capacitor 
V,NT 
2 
- 
4 
Vae POp 


Internal 
Power 
Dissipation 
I No Port Loading. 
VCC ~ 5.75 V 
TA~O'C 
P,NT 
- 
520 
740 
mW 


for Steady-State 
Operation) 
TA~ 
-40'C 
- 
580 
800 


Input Capacitance 
XTAL 
C,n 
- 
25 
- 
pF 
All Other 
- 
10 
- 


Low Voltage 
Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage 
Inhibit 
VLVI 
2.75 
3.75 
4.70 
V 


Input Current 


TIMER 
1Vin = 0.4 V) 
- 
- 
20 


INT (Vin=2.4 
V to VCCI 
- 
20 
50 


EXTAL 
IV,n=2.4 
V to VCC Crystal 
optlonl 
1m 
- 
- 
10 
~A 


__ 
(Vm=O.4 
V Crystal Option) 
- 
- 
-1600 


RESET IVIn~0.8 
VI 
'RES 
-4.0 
- 
-40 


lExternal Capacitor Charging Currentl 


11.5.2 
Switching Characteristics (VCC= 
+5.25 
Vdc 
±O.5 Vdc, VSS=O 
Vdc, TA=TL 
to TH 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
fose 
0.4 
- 
4.2 
MHz 


Cycle Time (4/ fosel 
{eye 
0.95 
- 
10 
~s 


INT. iNTi. and TIMER 
Pulse Width 
tWL. 
tWH 
tcyc+ 250 
-- 
- 
ns 


RtSET 
Pulse Width 
tRWL 
teye+ 
250 
ns 


RtSET 
Delay Time IExternal 
Cap - I ~FI 
tRHL 
100 
- 
ms 


iNT Zero Crossing Detection 
Input Frequency 
flNT 
0.03 
- 
1.0 
kHz 


External 
Clock 
Input 
Duty 
Cycle IEXTALI 
- 
40 
50 
60 
% 


Crystal Oscillator Start·Up Time* 
- 
- 
- 
100 
ms 


• 


• 


11.5.3 
Port Electrical Characteristics (VCC= 
+5.25 
Vdc 
±O.5 Vdc, VSS=O 
Vdc, TA=TL 
to TH 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Port A with CMOS 
drive enabled 


Output 
Low Voltage 
ILoad= 
1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage 
ILoad - -100 ~A 
VOH 
2.4 
.. 
- 
V 


Output 
High Voltage 
'Load - 
- 10~A 
VOH 
VCC-1.O 
- 
- 
V 


Input High Voltage 'Load - 
- 3CXJJl.A (max) 
V,H 
20 
- 
VCC 
V 


Input Low Voltage ILoad- 
-5(X) 
itA (maxi 
Vit 
VSS 
- 
08 
V 


HI-Z State 
Input 
Current 
1Vin= 2.0 V to VCCI 
IIH 
- 
- 
-300 
~A 


Hi-Z State Input Current (Vin = 0.4 VI 
IlL 
- 
- 
-500 
~A 


Port B 


Output 
Low VOltage 
'Load = 3.2 mA 
VOl 
- 
- 
0.4 
V 


Output 
Low Voltage lLoad = 10 mA (smk) 
VOl 
- 
.- 
1.0 
V 


Output 
High Voltage 
ILoad = - 200 ~A 
VOH 
2.4 
.. 
.. 
V 


.Darlington Current Drive (Source) Vo = 1,5 V 
IOH 
-10 
- 
-10 
mA 


Input Htgh Voltage 
VIH 
20 
- 
Vrr 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
~A 


Port C and Port A with CMOS drive disabled 


Output 
Low Voltage 'Load = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage 
ILoad = - 100~A 
VOH 
24 
- 
- 
V 


Input HIgh Voltage 
V,H 
20 
.. 
VCC 
V 


Input Low Voltage 
VIL 
VsS 
- 
0.8 
V 


Hi-Z State Input Current 
'TS I 
- 
<2 
10 
~A 
Port C (Open-Drain 
Option) 


Input High Voltage 
VIH 
2.0 
- 
13.0 
V 


Input 
Low Voltage 
VIL 
VSS 
- 
08 
V 


Input Leakage Current 
1Vin = 13.0VI 
ILOO 
- 
<3 
15 
~A 


Output 
Low Voltage 
ILoad-1.6 
mA 
VOL 
- 
- 
0.4 
V 


Input High Voltage 
VIH 
I 
2.0 
- 
I 
VCC 
I 
V 


Input Low Voltage 
VI 
I 
VSS 
- 
I 
08 
I 
V 


Input Current 
[in 
- 
<1 
I 
5 
I 
~A 


11.6.1 
Programming Operation Electrical Characteristics (Vee=5.25 
Vdc 
±0.5, 
VSS=O, 
TA = 20° to 300e 
unless otherwise 
noted) 


Characteristic 
Symbol 
.Min 
Typ 
Ma. 
Unn: 


Programming 
Voltage 
Vpp 
200 
21.0 
220 
V 


Vpp Supply Current 
Vpp=5.25 
V 
Ipp 
- 
- 
8 
mA 


Vpp=21.0 
V 
- 
- 
30 


Oscillator Frequency 
fosclpl 
09 
1.0 
11 
MHz 


800tstrap 
Programming 
Mode Voltage 
ITIMER 
Pinl @ IIHTP - 100 ~A Ma. 
VIHTP 
90 
12.0 
15.0 
V 


11.6.2 
Electrical Characteristics IVee= 
+5.25 
Vdc 
±0.5 
Vdc, VSS=O 
Vdc, 
TA=O° 
to 700e 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage. 
mn 1475,;;VCC:s575) 
4.0 
- 
VCC 
V 


1VCC<4.751 
VCC-0.5 
- 
VCC 
INT 
14.75,;; VCC:s 5.751 
VIH 
40 
.. 
VCC 
V 
IVCC<4.751 
VCC-0.5 
.. 
VCC 
All Other 
2.0 
- 
VCC 
V 


Input H,gh Voltage 
ITIMER P,n) 
timer 
Mode 
VIH 
20 
- 
VCC+1.0 
V 


Bootstrap Programming 
Mode 
90 
120 
150 
V 


Input Low Voltage 


RESET 
VSS 
- 
08 
V 


INT 
VIL 
VSS 
.. 
1.5 
V 


All Other 
VSS 
- 
08 
V 


INT Zero-Crossmg Input Voltage 
- 
Through a Capacilor 
VINT 
20 
- 
40 
Vae p-p 


Internal Power Dissipation (No Port Loading, VCC=5.25 
V 
TA=O°C 
PINT 
- 
520 
740 
mW 


for Steady-State 
Operation) 
TA~ 
-40°C 
- 
580 
ROO 


Input Capacitance 


EXTAL 
C,n 
- 
25 
- 
pF 


All Other t See Note) 
- 
10 
- 
pF 


Rtm HysteresIs Voltage (See Figure 7-11 


Out of Reset Voltage 
VIRES + 
2 1 
- 
40 
V 


Into Reset Voltage 
VIRES - 
08 
-- 
20 
V 


Programming Voltage lVpp 
Pin) 
Programming 
EPROM 
Vpp' 
200 
21 0 
220 
V 


Operating Mode 
4.75 
VCC 
575 
V 


Input Current 


TIMER 
IV,n ~ 0 4 VI 
- 
- 
20 


INT 
IV,n=O 
4 V) 
- 
20 
50 


EXTAL 
IV,n~2A 
V to VCCI 
I,n 
- 
- 
10 
~A 


IV,n=OA 
VI 
-- 
- 
-1600 


RESET IV,n=08 
VI 
IRES 
-40 
- 
-40 


(External Capacitor Changing Current) 


*Ypp 
is pin 7 on the MC68705R3 
and MC68705R5 
and is connected to VCC in the normal operating mode. In the MC6805A2, 
pin 7 is 


connected to VSS in the normal operating mode. The user must allow for this difference when emulating the MC6805R2 
ROM-based 


MCU . 


•• 
Due to internal biasing. this input (when not used) floats to approximately 
2.0 V. 


• 


11.6.3 
Switching 
Characteristics 
(Vee= 
+5.25 
Vdc 
±O.5 Vdc, VSS=O 
Vdc, TA=Oo 
to 700e 
unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator Frequency 


Normal 
fasc 
0.4 
- 
4.2 
MHz 


Instruction Cycle TIme (4/foscl 
{eye 
0950 
- 
10 
~s 


INT. 
INT2. or Timer Pulse Width 
tWL.tWH 
tcyc+ 250 
- 
- 
ns 


RESET Pulse Width 
'RWL 
{eye"" 250 
ns 


RESET Delay Time IExternal 
Cap-1.0 
~F) 
'RHL 
- 
100 
ms 


INT Zero Crossing Detection 
Input Frequency 
liNT 
003 
- 
1.0 
kHz 


External 
Clock 
Duty 
Cycle IEXTALI 
- 
40 
50 
60 
% 


Crystal Oscillator Start-Up 
Time· 
- 
- 
- 
100 
ms 


11.6.4 
AID 
Converter 
Characteristics 
(Vee= 
+5.25 
V ±O.5 Vdc, 
VSS=O 
Vdc, TA=Oo 
to 700e 
unless otherwise 
noted) 


Characteristic 
Min 
Typ 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Non·Llneanty 
- 
- 
± 1/2 
LSB 
For VRH-4 
0 to 5 0 V and VRL -0 
V 


Quantllizing 
Error 
- 
- 
± 1/2 
LSB 


Conversion 
Range 
VRL 
- 
VRH 
V 


VAH 
- 
VCC 
V 
AID 
accuracy may decrease proportionately 
as 


VAL 
VSS 
- 
0.2 
V 
VRH tS reduced below 4.0 V. The sum of VAH and 


VAL 
must not exceed VCC· 


Conversion Time 
30 
30 
30 
{eye 
Includes sampling time 


Monotonicity 
Inherent (within total errod 
Zero Input Reading 
00 
00 
01 
hexadecImal 
Vin=O 


Ratiometric 
Reading 
FE 
FF 
FF 
hexadecimal 
Vin- 
VAH 


Sample Time 
5 
5 
5 
tcyc 
Sample/Hold 
Capacitance, 
Input 
25 
pF 


Analog Input Voltage 
VAL 
- 
VAH 
V 
Negative transients on any analog lines (pins 19·24) 
are not allowed at any time dUring converSion. 


11.6.5 
Port Electrical 
Characteristics 
(VCC = + 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, TA = 0° to 70°C 
unless otherwise 
noted) 


Characteristic 
Symbol 
I 
Min 
Typ 
I 
Max 
Unit 


Port A 


Output 
Low Voltage. 
ILoarl = 1.6 rr.A 
VOl 
- 
- 
0.4 
V 


Output High Voltage, I n"rl ~ -100 
"A 
VOH 
2.4 
- 
- 
V 


Output HIgh Voltage, 
ILoad~ 
-lO"A 
VOH 
VCC 
1.0 
- 
- 
V 


Input High Voltage, 
'Load= 
-300 
JlA (Maxi 
VIH 
20 
- 
\CC 
V 


Input Low Voltage. 
ILoad- 
-500 
p.A (Maxi 
Vit 
VSS 
- 
0.8 
V 


Hl-Z State Input Current (VIn = 20 
V to VCC) 
IIH 
- 
- 
-300 
"A 


Hl-Z State Input Current IV1n-0.4 
Vl 
II 
- 
- 
-500 
"A 


Port 8 


Output 
Low Voltage. 
ILoad = 3.2 mA 
VOL 
- 
- 
04 
V 


Output 
Low Voltage. 
ILoad - 10 mA (Sink) 
VOL 
- 
- 
10 
V 


Output 
HIgh Voltage. 
ILoad - 
- 200 p..A 
VOH 
24 
- 
- 
V 


Darlington Current Drive (Source), Vo- 1 5 V 
'OH 
-1.0 
- 
-10 
mA 


Input High Voltage 
V,H 
20 
- 
VCr: 
V 


Input Low Voltage 
VII 
VSS 
- 
0.8 
V 


HI-Z 
State 
Input Current 
ITSI 
- 
<2 
10 
"A 


Port C 


Output Low Voltage. 
ILoad - 16 
mA 
VOL 
- 
- 
04 
V 


Output High Voltage, 
[Load - 
- 100 IJ.A 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
20 
- 
Vr:r: 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


Hl-Z Stale Input Current 
ITSI 
- 
<2 
10 
"A 


Port D (Input Onlyl 


Input HIgh Voltage 
V,H 
I 
20 
- 
I 
Vrr 
I 
V 


Input Low Voltage 
V, 
I 
VSS 
- 
I 
08 
I 
V 


Input 
Currenl 
I,n 
- 
<1 
5 
"A 


11.7.1 
Programming 
Operation 
Electrical 
Characteristics 
(VCC=5.25 
Vdc 
±0.5, 
VSS=O 
Vdc, 


TA = 20° to 30°C unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
Vpp 
200 
21.0 
22.0 
V 


Vpp Supply Current 


Vpp=5 
25 V 
Ipp 
- 
- 
8 
mA 
Vpp=21.0V 
- 
- 
30 


Programming 
OscIllator Frequency 
foscp 
09 
1.0 
1.1 
MHz 


800tstrap 
ProgrammIng 
Mode Voltage ITIMER PlnJl@ IIHTP= 
100 I'A 
Maxi 
V,HTP 
9.0 
120 
15.0. 
V 


• 


II 


11.7.2 
Electrical 
Characteristics 
(Vee= 
+5.25 
Vdc 
±O.5 Vdc, VSS=O 
Vdc, TA=Oo 
to 700e 
unless otherwise 
noted) 


Characteristic 
Svmbol 
Min 
TVp 
Max 
Unit 


Input HIgh Voltage 
RESET 1499,,;VCCs5 
511 
40 
- 
VCC 
IVCC<4751 
VCC-O 
5 
- 
VCC 


iNf 
14 99,,;VCC,,;5 
511 
VIH 
40 
.. 
VCC 
V 


IVCC<4751 
VCC-O 
5 .. 


VCC 
All 
Other 
20 
- 
VCC 


I"put 
~Igh Voltage !TIMER 
Plnl 
Timer Mode 
VIH 
20 
- 
VCC+ 
1.0 
V 
Bootstrap 
ProgrammIng 
Mode 
90 
120 
150 


Input Low Voltage 


RESET 
VSS 
- 
08 


INT 
VIL 
VSS 
.. 
15 
V 


All 
Other 
VSS 
- 
08 


Internal 
Power 
Dissipation 
(No Port Loading, 
VCC - 5.25 V 
TA-O'C 
PINT 
- 
520 
740 
mW 


for Steady· State Operation) 
TA=-40'C 
- 
580 
800 


Input Capacitance 


XTAL 
Con 
- 
25 
- 
pF 
All Other 
- 
10 
- 


INT Zero-Crossing 
Voltage, 
through 
a Capacitor 
VI NT 
20 
- 
4.0 
Vae pop 


RESET HysteresIs 
Voltage 
(See Figure 7·') 
Out of Reset Vollage 
VIRES + 
2 1 
- 
40 
V 
Into Reset Voltage 
VIRES- 
08 
- 
20 


ProgrammIng 
Voltage 
IVp? Pin) 


Programming 
EPROM 
vpp* 
200 
210 
22.0 
V 
Operattng 
Mode 
475 
VCC 
575 


Input Current 


TIMER 
IV,n=O 
4 VI 
- 
- 
20 


INT 
IV,n=04VI 
- 
20 
50 


EXTAlIVon=24 
V to VCC Crvstal 
Opt,on) 
Ion 
- 
- 
10 
"A 
(Vin = 0.4 V Crystal Option) 
- 
- 
-1600 


RESET IV,n=08 
VI 
'RES 
-4.0 
- 
-40 
(External Capacitor Changing Current) 


'VPP 
is Pin 7 on the MC68705U3 
and MC68705U5 
and is connected 
to VCC in the Normal 
Operating 
Mode. 
In the MC6805U2. 
P,n 7 is 


NUM 
and 
is connected 
to VSS 
in the 
Normal 
Operating 
Mode, 
The 
user 
must 
allow 
for 
this 
difference 
when 
emulating 
the 


MC6805U2 
ROM-based 
MCU. 


* * Due to internal 
biasing, 
this input 
(when 
not used) floats 
to approximately 
2.0 V. 


11.7.3 
Switching 
Characteristics 
(Vee= 
+5.25 
Vdc, 
±05 
V, VSS=O 
Vdc, TA=O° 
to 700e 
unless otherwise 
noted I 


Characteristic 
Svmbol 
Min 
TVp 
Max 
Unit 


OSCIllator Frequency 


Normal 
fose 
0.4 
- 
4.2 
MHz 


Instruction 
Cycle Time 14/foscl 
teve 
0950 
- 
10 
"s 
iNT. iN"f2, 
or Timer 
Pulse WIdth 
tWL. 
tWH 
'eve + 250 
- 
- 
ns 


RESET Pulse W,dth 
tRWL 
tcyc+ 
250 
- 
- 
ns 


RESET Delav T,me I External 
Cap= 
1 0 "FI 
tRHL 
100 
- 
- 
ms 


TNi Zero 
Crossing Detection 
Input Frequency 
liNT 
003 
- 
1.0 
kHz 


External Clock Duty Cycle IEXTAU 
- 
40 
50 
60 
% 
Crystal Oscillator 
Start-Up 
Time* 
- 
- 
- 
100 
ms 


11.7.4 
Port Electrical Characteristics 
(Vee= 
+ 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, TA = 0° to 700e 


unless otherwise 
noted) 


Characteristic 
I 
Symbol 
Min 
I 
Typ 
I 
Max 
I 
Unit 


PortA 


Output 
LOW Voltage. 
ILoad = 1.6 mA 
VOL 
- 
- 
04 
V 


Output 
High Voltage. 
ILoad = -100 
p.A 
VOH 
2.4 
- 
- 
V 


Output 
High Voltage. 
ILoad = -10 
p.A 
VOH 
VCC-1.0 
- 
- 
V 


Input 
High Voltage. 
ILoad- 
-300 
p.A IMaxl 
VIH 
2.0 
- 
VCC 
V 


Input 
Low Voltage. 
ILoad- 
-500 
p.A IMaxl 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Curren! IVin=2.0 
V to VCC' 
IIH 
- 
- 
-300 
p.A 


Hi-Z State 
Input 
Current 
1Vin = 0.4 V) 
IlL 
- 
- 
-500 
p.A 


Port B 


Output 
Low Voltage. 
ILoad~3.2 
mA 
VOL 
- 
- 
0.4 
V 


Output 
i.ow Voltage, 
lLoad= 
10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output 
High Voltage. 
ILoad - 
- 200 p.A 
VOH 
2.4 
- 
- 
V 


Darlington 
Current 
Drive (Source), 
Vo= 1.5 V 
10H 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
Vrc 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


Hi-Z State Input Current 
IT~I 
- 
<2 
0 
uA 


Port C 


Output 
Low Voltage, 
ILoad - 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage. 
ILoad ~ - 100 p.A 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


Hl-Z State Input Current 
ITSI 
- 
<2 
10 
p.A 


Port 0 (Input 
Only) 


Input High Voltage 
I 
VIH 
I 
2.0 
- 
I 
VCC 
I 
V 


Input Low Voltage 
I 
VIL 
I 
VSS 
- 
I 
08 
I 
V 


Input Current 
I 
I,n 
- 
<1 
I 
5 
I 
p.A 


11.8 
110 CHARACTERISTICS 


Figures 
11-5 through 
11-15 illustrate 
110 characteristic 
data for 
HMOS 
M6805 
Family 
devices. 


Simplified 
port 
logic diagrams 
are shown 
in Figures 
11-16 and 11-17. typical 
input 
protection 
in 


Figure 11-18, and an 110 characteristic 
measurement 
circuit 
in Figure 11-19. The 110 characteristic 


curves and logic diagrams 
are intended 
to allow the system 
designer 
to interface 
the M6805 in a 
variety 
of applications 
where 
non- TTL loading 
conditions 
exist. 


A minimum 
specification 
curve (included 
with VOH vs IOH charts only) is provided 
as a guaranteed 


limit of performance 
under the conditions 
shown. 
The expected 
minimum 
and maximum 
curves in 
each 
figure 
represent 
the 
anticipated 
performance 
window 
under 
normal 
manufacturing 
and 
operating 
conditions. 
A typical 
curve 
also is illustrated 
indicating. 
performance 
under 
nominal 
conditions. 


Figure 11-15 represents 
the variation 
of 100 with temperature 
and VOO for a typical 
M6805 Family 


device. 
As shown, 
100 varies directly 
with 
VOO and inversely with 
temperature. 
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Figure 11-5. Port A VOH vs IOH 
(with CMOS Pull-ups) 
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Figure 11-6. Port A VOL vs IOL 
(with CMOS Pull-ups) 
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Figure 11-9. Port C VOH vs IOH 
(Port A Without 
CMOS 
Pull-ups) 
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Figure 11-10. Port C VOL vs IOL 
(Port A Without 
CMOS 
Pull-ups) 
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Figure 11-11. Port A Vin vs lin 
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SECTION 
12 
ORDERING 
INFORMATION 


This section contains 
detailed information 
to be used as a guide when ordering 
an MC6817105 series 
device. 


12.1 MC6805R2 


Package Type 


Ceramic 


L Suffix 


Plastic 
P Suffix 


Cerdip 
S Suffix 


Package Type 


Ceramic 
L Suffix 


Plastic 
P Suffix 


Cerdip 
S Suffix 


12.3 MC6805U2 


Package Type 


Ceramic 


L Suffix 


Plastic 
P Suffix 


Cerdip 


S Suffix 


Temperature 


O°C to 70°C 


-40°C 
to 85°C 


O°C to 70°C 


- 40°C to 85°C 


O°C to 70°C 
- 40°C to 85°C 


MC6805R2L 
MC6805R2CL 


MC6805R2P 
MC6805R2CP 


MC6805R2S 
MC6805R2CS 


Temperature 


O°C to 70°C 
- 40°C to 85°C 


O°C to 70°C 
- 40°C to 85°C 


O°C to 70°C 
- 40°C to 85°C 


MC6805R3L 
MC6805R3CL 


MC6805R3P 
MC6805R3CP 


MC6805R3S 
MC6805R3CS 


Temperature 


O°C to 70°C 


- 40°C to 85°C 


O°C to 70°C 


- 40°C to 85°C 
aoc to 7aoC 
-40°C 
to 85°C 


MC6805U2L 
MC6805U2CL 


MC6805U2P 
MC6805U2CP 


MC6805U2S 
MC6805U2CS 


• 


12.4 MC6805U3 


Package Type 
Temperature 


Ceramic 
O°C to 70°C 
L Suffix 
-40°C 
to 85°C 


Plastic 
O°C to 70°C 
P Suffix 
-40°C 
to 85°C 


Cerdip 
O°C to 70°C 
S Suffix 
- 40°C to 85°C 


12.5 MC68705R3 


Package Type 
Temperature 
II 


Ceramic 
O°C to 70°C 


L Suffix 
-40°C 
to 85°C 


12.6 MC68705R5 


Package Type 
Temperature 


Ceramic 
O°C to 70°C 


L Suffix 
-40°C 
to 85°C 


Cerdip 
O°C to 70°C 
S Suffix 
- 40°C to 85°C 


12.7 MC68705U3 


Package Type 
Temperature 


Ceramic 
O°C to 70°C 


L Suffix 
- 40°C to 85°C 


12.8 MC68705U5 


Package Type 
Temperature 


Ceramic 
O°C to 70°C 


L Suffix 
-40°C 
to 85°C 


Cerdip 
O°C to 70°C 
S Suffix 
- 40°C to 85°C 


12.9 CUSTOM 
MCUs 


MC6805U3L 
MC6805U3CL 


MC6805U3P 
MC6805U3CP 


MC6805U3S 
MC6805U3CS 


MC68705R3L 
MC68705R3CL 


MC68705R5L 
MC68705R5CL 


MC68705R5S 
MC68705R5CS 


MC68705U3L 
MC68705U3CL 


MC68705U5L 
MC68705U5CL 


MC68705U5S 
MC68705U5CS 


The information 
required when ordering 
a custom 
MCU is listed below. 
The ROM program 
may be 


transmitted 
to Motorola 
on EPROM(s) 
or an MDOS 
disk file. 


To initiate 
a ROM pattern 
for the MCU it is necessary to first contact 
your local Motorola 
repre- 
sentative 
or Motorola 
distributor. 


12.9.1 
EPROMs 


The MCM2716 or MCM2532 type EPROMs, programmed 
with the customer 
program 
(positive 
logic 
sense for address and data), may be submitted 
for pattern generation. 
The EPROM must be clearly 
marked to indicate which 
EPROM corresponds 
to which address space. The recommended 
marking 
procedure 
for two 
MCM2716 
EPROMs is shown 
in Figure 12-1. 


After 
the 
EPROM(s) 
are marked, 
they 
should 
be placed 
in conductive 
IC carriers 
and securely 
packed. 
Do not use styrofoam. 


1-2.9.2 Verfication 
Media 


All original 
pattern 
media (EPROMs or floppy 
disk) are filed for contractural 
purposes and are not 
returned. 
A computer 
listing 
of the ROM code will be generated 
and returned 
along with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
completed, 


signed, 
and returned 
to Motorola. 
The signed verification 
form constitutes 
the contractual 
agree- 
ment for creation 
of the customer 
mask. If desired, 
Motorola 
will program 
one blank EPROM from 
the data file used to create the custom 
mask to aid in the verification 
process. 


12.9.3 
ROM Verification 
Units (RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern will be sent for program verification. 
These units 
will have been made using the custom 
mask but are for the purpose of ROM verification 
only. 
For 
expediency 
they are usually unmarked, 
packaged 
in ceramic, 
and tested only at room temperature 
and 5 volts. These RVUs are included 
in the mask charge and are not production 
parts. Therefore, 
the 
RVUs are not 
guaranteed 
by Motorola 
Quality 
Assurance, 
and 
should 
be discarded 
after 
verification 
is completed. 


12.9.4 
Flexible Disk 


The disk media submitted 
must be single-sided, 
single-density, 
8-inch 
MOOS compatible 
floppies. 
The customer 
must write 
the binary file name and company 
name on the disk with 
a felt-tip 
pen. 
The minimum 
MOOS system files as well as the absolute binary object file (filename. 
LO type of file) 
from the M6805 cross assembler must be on the disk. An object file made from a memory dump us- 
ing the ROLLOUT 
command 
is also acceptable. 
Consider submitting 
a source listing as well as the 
following 
files: filename 
.LX (EXORciser 
loadable format) 
and filename 
.SA (ASCII source codel. 


These files will of course 
be kept confidential 
and are used 1) to speed up the process in-house 
if 
any problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software 
er- 
rors and needs assistance 
quickly 
from 
Motorola 
factory 
representatives. 


MOOS 
is Motorola's 
Disk Operating 
System 
available 
on development 
systems 
such as EXOR- 
cisers, EXORsets, 
etc. 


• 


• 


Motorola 
Part Number 
MC 
_ 


SC 
_ 


MC6805R2/U2/R3/U3 OPTION 
LIST 


Select 
the 
options 
for 
your 
MCU 
from 
the 
following 
list. 
A 
manufacturing 
mask 
will be generated 
from 
this information. 


Internal 
Oscillator 
Input 


o Crystal 
o Resistor 


Timer 
Clock 
Source 
MC6805R2/U2 
Only 
o Internal 
<1>2clock 


o TIMER 
input 
pin 


Timer 
Prescaler 
MC6805R2/U2 
Only 


o 20 (divide 
by 1) 


o 21 (divide 
by 21 


o 22 (divide 
by 4) 


o 23 Idivide 
by 81 
o 24 Idivide 
by 16) 


o 25 Idivide 
by 32) 


o 26 (divide 
by 64) 
o 27 (divide 
by 128) 


Low 
Voltage 
Inhibit 


o Disable 
o Enable 


Port 
A Output 
Drive 
o CMOS 
and TTL 


o TTL 
Only 


Port 
C Output 
Drive 
o TTL 
o Open-Drain 


Pattern 
Media (All other 
media requires prior factory 
approval) 
o EPROMs (MCM2716 
or MCM2532) 
o Floppy 
Disk 
o Other" 
_ 


aoc to + 7aoC (Standard) 
- 4aoC to + 85°C 
- 40°C to + 105°C 


SECTION 
13 
MECHANICAL 
DATA 


This section 
contains 
the pin assignments 
and package dimensions 
for the MC68(7)05 series 
devices. 


MC6l105R2 
MC6l105R3 


vss 
PA7 
vss 
PA7 


RESET 
2 
PA6 
RESET 
2 
:>9 
PA6 


38 
PA5 
• 


PA4 
37 
PM 


PA3 
36 
PA3 


PA2 
35 
PA2 


IVSSI 
NUM 
7 
PAl 
34 
PAl 


TIMER 
8 
PAD 
33 
PAD 


PB7 
PB7 


PCI 
PB6 


PC2 
11 
PB5 


PC3 
PB4 
PC3 
12 
PB4 


PC4 
PC4 
13 
PB3 


PC5 
PC5 
I' 
PB2 


PC6 
PC6 
I; 
PBl 


PC7 
PBD 
PC7 
16 
PBD 


P07 
POD/AND 
P07 
17 
POD/AND 


PD6/1NT2 
POI/ANI 
P0611NT2 
18 
POI/ANI 


P05IVRH 
P02/AN2 
P05IVRH 
19 
P02/AN2 


PD4IVRL 
P03/AN3 
P04/VRL 
20 
P03/AN3 


MC6805U2 
MC6805U3 


Vss 
PA7 
VSS 
PA7 


RESET 
PA6 
RESET 
PA6 


INT 
PA5 
iN'!' 
PA5 


VCC 
4 
PM 
VCC 
4 
PA4 


EXTAL 
PA3 
EXTAL 
5 
PA3 


XTAL 
PA2 
XTAL 
6 
PA2 


1VSSI 
NUM 
PAl 
NC 
PAl 


TIMER 
PAO 
TIMER 
8 
PAO 


PCO 
PB7 
PCO 
9 
PB7 


PCl 
PB6 
PCl 
10 
PB6 
II 


PC2 
PB5 
PC2 
11 
PB5 


PC3 
PB4 
PC3 
12 
PB4 


PC4 
PB3 
PC4 
13 
PB3 


PC5 
PB2 
PC5 
14 
PB2 


PC6 
PBl 
PC6 
15 
PBI 


PC7 
PBO 
PC7 
16 
PBO 


P07 
POO 
P07 
17 
POO 


PD6I1NT2 
POl 
P0611NT2 
18 
POl 


P05 
P02 
P05 
19 
P02 


PD4 
20 
P03 
P04 
20 
21 
P03 


MC68705R31 MC68705R5 
MC68705U31 MC68705U5 


VSS 
VSS 
PA7 


RESET ~ 
RESET 
~ 
PA6 


INT 
:< 
INT 
:J 
PA5 


PA4 
VCC 
4 
PM 


PA3 
EXTAL , 
PA3 


PA2 
PA2 


Vpp 
I 
PAl 
Vpp 
PAl 


PAO 
TIMER 
8 
PAO 


PCO 
y 
PB7 
PB7 


PCI 
10 
PB6 
PCl 
PB6 


PC2 
II 
PB5 
PC2 
11 
PB5 
• 


PC3 
12 
PB4 
PC3 
PB4 


PC4 
13 
PB3 
PC4 
PB3 


PC5 
14 
PB2 
PB2 


PC6 
1, 
PBl 
PBI 


PC7 
16 
PBO 
PBO 


P07 
11 
POO'ANO 
PDQ 


P06/1NT2 
18 
POI 
ANI 
POI 


P05IVRH 
19 
P02, AN2 
P02 


P04/VRl 
20 
P03 
AN3 
P03 


• 


® MOTOROLA 


MC6805S2 


8-BIT MICROCOMPUTER 
WITH 
ANALOG-TO-DIGITAL 
CONVERTER, 
SERIAL PERIPHERAL INTERFACE, 
AND THREE TIMERS 


Paragraph 
Number 


2.1 
2.1.1 
2.1.2 
2.1.3 
2.1.4 


2.1.5 
2.1.6 
2.2 
2.3 
2.4 
2.4.1 
2.4.2 


2.4.3 
2.4.4 
2.4.5 
2.4.5.1 
2.4.5.2 
2.4.5.3 
2.4.5.4 
2.4.5.5 


3.1 
3.1.1 
3.1.2 
3.1.3 
3.2 
3.3 
3.4 


Section 1 
Introduction 
Hardware 
Features 
.. 
Software 
Features. 


User Selectable 
Options. 


Section 2 
Signal Description, Memory, 
CPU, and Registers 
Signal Description. 
VCC and VSS 
INT1 and INT2 . 
XTALand 
EXTAL 
.. 
Timer A/ PCOand Timer B/ PC1 
Reset. 
Input/Output 
Lines (PAO-PA7, PBO-PB3, PCO-PC1, and PDO-PD6) 
Memory 
Central Processing 
Unit. 
Registers 
. 
Accumulator 
(Al 
. 
Index Register (Xl 
. 


Program Counter 
(PCl 
. 


Stack Pointer (SPl 
. 
Condition 
Code Register (CC) 
. 
Half Carry (Hl 
. 
Interrupt 
(I) . 
. 
. 
Negative (Nl . 
. 
. 
Zero (Zl 
. 


Carry/Borrow 
(Cl 


Section 3 
Timers 
Timer A . 
. 
. 
Direct Loading. 
Asynchronous 
External Event Loading .. 
Auto-Loading 
Timer A Control 
Register 
. 
Timer B. 
Timer B Control and Status Register 


Page 
Number 


3-399 
3-399 
3-399 


3-400 
3-400 
3-400 
3-400 
3-400 
3-400 
3-401 
3-401 
3-401 
3-401 


3-403 
3-403 
3-404 
3-404 
3-404 
3-404 
3-404 
3-404 
3-404 
3-404 


3-406 
3-407 
3-407 
3-407 
3-407 
3-409 
3-411 


• 


Paragraph 
Number 
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4.2.3 
4.2.4 
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4.5 
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4.12.1 
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4.13 
4.13.1 
4.13.2 
4.13.3 
4.13.4 


4.13.5 
4.13.6 
4.13.7 
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5.1.1 
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Prescaler 2 
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Counter. 


-Section 
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Serial Peripheral 
Interface 
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Introduction. 
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. 


Clock Mastership. 
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Start Bit Operation 
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via Slave Select Input Line 
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Clock Arbitration 
via Serial Peripheral Interface 
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Slave Select Input Operation. 
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Slave Select Input Actions 
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SPI Operating 
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Two-Wire 
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. 
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Section 
5 
Self-Check, 
Resets, Clock Generator 
Options, 
and Interrupts 
Self-Check. 
. 
. 


RAM Self-Check 
Subroutine 
. 


ROM Checksum 
Subroutine. 


Page 
Number 


3-412 
3-412 
3-412 


3-415 
3-415 
3-418 
3-418 
3-418 
3-418 
3-418 
3-418 
3-420 
3-423 
3-423 
3-424 
3-426 
3-428 
3-428 
3-430 
3-431 
3-431 
3-431 
3-433 
3-433 
3-434 
3-435 
3-435 
3-437 
3-437 
3-437 
3-438 
3-438 
3-438 


3-440 
3-441 
3-441 


Paragraph 
Number 


5.1.3 
5.1.4 


5.2 
5.2.1 
5.2.2 
5.2.3 
5.2.4 


5.2.5 
5.3 
5.4 


7.1 
7.1.1 
7.1.2 
7.1.2.1 
7.1.2.2 
7.1.2".3 
7.1.2.4 
7.1.2.5 
7.1.2.6 
7.1.2.7 
7.1.2.8 
7.1.2.9 
7.1.2.10 
7.2 
7.2.1 
7.2.2 
7.2.3 
7.2.4 


7.2.5 


TABLE OF CONTENTS 
(Continued) 


Analog-to-Digital 
Converter 
Self-Check 
Timer Self-Check 
Subroutine. 


Resets, 


Power-On 
Reset (PORl, 


External Reset Input, 
, , , 
. 


Low Voltage 
Inhibit (LVI) 
Forced Reset , 
. 


Reset Initialization, 
, 


Internal Clock Generator 
Options. 
'., 
, 


Interrupts. 
' 
' . ' 
. 


'Section 
6, 


Input/Output 
Ports and Analog-to-Digital 
Converter 
Input/Output. 
Port B Toggle Capability, 
.. , .. , , ... 


Port B Data Control 
Register. 
, , , , .. , , , , .. 


Port A and C Data Direction 
Registers 
Miscellaneous 
Register .. 


Analog-to-Digital 
Converter 
(A/D) 
. , , , , , , .. , . , .... 
' .. , , .. 


Section 
7 
Software 
and Instruction 
Set 
Software 
, , , , , 
, , , , .. , , , .. , , , , , 
, , , 
. 


Bit Manipulation 
. 
. .. , .... 
, . , 
. 


Addressing 
Modes 


Immediate 
", 
.. "".""., 
.. ' 


Direct 
..... 
"" 
... 
, 


Extended 
Relative 
, 
, 
. 


Indexed, 
No Offset 
Indexed, 8-Bit Offset, 
Indexed, 
16-Bit Offset, 


Bit Set/Clear, 
... 
, , , .. , , , , , , , , , , , , ..... 


Bit Test and Branch,.""., 
.. """"., 


Inherent 
, , , 
, , . , . , , , ... 
, , , , , ... 
' , , , , , , , . ' , , , , , , , .. , 


Instruction 
Set 
, , 
, . , .. , . 
, , , , , . , . ' 


Register/Memory 
Instructions 
. , . , , ... 
' , , , .. , .. ' , , , .. , .. ' 


Read-Modify-Write 
Instructions 
Branch Instructions, 
, , .. , , , , , .. , , . ' 


Bit Manipulation 
Instructions 
Control 
Instructions 


Page 
Number 


3-441 
3-441 
3-442 
3-443 
3-443 
3-443 
3-444 
3-444 
3-444 
3-447 


3-450 
3-453 
3-455 
3-455 
3-456 
3-457 


3-461 
3-461 
3-462 
3-462 
3-462 
3-462 
3-462 
3-462 
3-462 
3-463 
3-463 
3-463 
3-463 
3-463 
3-463 
3-465 
3-466 
3-467 
3-467 


• 


• 


Paragraph 
Number 


7.2.6 
7.2.7 


TABLE OF CONTENTS 
(Concluded) 


Page 
Number 


Alphabetical 
Listing 
Opcode Map 
3-468 
3-469 


Section 8 
Electrical Specifications 
Maximum Ratings .. 
Thermal Characteristics 
.. 


Power Considerations. 
Electrical Characteristics 
.. 


Switching 
Characteristics 
AID Converter 
Characteristics 


Port Electrical Characteristics 


3-472 
3-472 
3-473 
3-473 
3-474 
3-474 
3.-475 


Section 9 
Ordering Information 
EPROMs .. 
Verification 
Media. 


ROM Verification 
Units (RVUs) . 


Flexible Disks. 


3-477 
3-477 
3-478 
3-478 


Section 10 
Mechanical Data 


Figure 
Number 


Address 
Map. 
Interrupt 
Stacking 
Order 
Programming 
Model. 


Timer A and B Block Diagram 
TimerA. 
. 
. 


Timer A Control 
Register. 


Timer A Operation 
TimerB. 
Timer B Control 
Register 
. 


Auxiliary 
Counter Operation 


4-1 
4-2 


4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 


4-10 
4-11 
4-12 
4-13 


4-14 
4-15 
4-16 


Serial Peripheral Interface 
(SPIl 
SPI Operation 
(Example: 
Clock Slave Mode). 


SPI Clock (Active Transaction) 
. 


SPI Control 
Register Operation. 


SPI Clock Idle Level Definition. 
SPI Start Bit Definition 
. 
SPI Stop Bit Definition 
. 


SPI Address and Data Field Separation 
(Reception) 
SPI Data Arbitration 
Timing 
Diagram. 


Clock Arbitration 
via Clock Line Timing. 


Clock Arbitration 
via Slave Select Input - 
Master Mode. 


Clock Arbitration 
via Slave Select Input 
- 
Slave Mode. 


SPI - 
NRZOperation 
(Transmit) 
Timing 
. 


SPI NRZ Operation 
Timing 
(Receive) 
. 
Daisy Chain/ Cascade Organization 
SPI Operation 
Bus Organization 
. 


Self-Check 
Connections. 
. 
. 
Typical 
Reset Schmitt 
Trigger 
Hysteresis 
. 


Reset Circuit. 
. 
. 


Power and Reset Timing 
. 


Power-Up 
Reset Delay Circuit. 
. 
. 


Clock Generator 
Options 
. 
. 
. 


Crystal Motional 
Arm Parameters and Suggested 
PC Board Layout 


Page 
Number 


3-402 
3-403 
3-403 


3-405 
3-406 
3-406 
3-408 
3-410 
3-410 
3-414 
II 


3-416 
3-419 
3-420 
3-421 
3-426 
3-427 
3-427 
3-429 
3-430 
3-432 
3-434 
3-435 
3-436 
3-436 
3-438 
3-439 


3-440 
3-442 
3-442 
3-443 
3-443 
3-445 
3-446 


LIST OF ILLUSTRATIONS 
(Continued) 


Figure 
Number 
Title 
• 


5-8 
Typical 
Frequency 
Selection 
for Resistor Oscillator 
Option. 


5-9 
Reset and Interrupt 
Processing 
Flowchart 
.. 


5-10 
Interrupt 
Timing 
. 


5-11 
Typical Interrupt 
Circuits (INT1) 


Typical Port 110 Circuitry 
Typical 
Port Connections 
.. 


Port B Configuration 
... 


Port B Data Control 
Register 
. 


Effective Analog 
Input Impedance 
(During 
Sampling 
Only) 
. 


Ideal Converter 
Transfer 
Characteristic 
. 


Types of Conversion 
Errors 
. 


AID 
Block Diagram 
. 


TTL Equivalent 
Test Load (Port B) 
CMOS Equivalent 
Test Load (Port A) 
. 


TTL Equivalent 
Test Load (Ports A and C) 
. 


Open-Drain 
Equivalent 
Test Load WB 1, PB2, and PB3) . 


Page 
Number 


3-446 
3-448 


3-449 
3-449 


3-450 
3-452 
3-453 
3-455 
3-458 
3-459 
3-459 
3-460 


3-476 
3-476 
3-476 
3-476 


Table 
Number 


SPIOperation 
. 
Port B Status During SPI Operation 
. 


Digital Input/Output 
Ports. 
A/D 
Input Mux Selection. 


Register/Memory 
Instructions 
Read-Modify-Write 
Instructions 
Branch Instructions 
. 
Bit Manipulation 
Instructions 
Control 
Instructions 
. 


Instruction 
Set. 
. ...............................•.. 


M6805 HMOS/ 
M 146805 CMOS Family Instruction 
Set Opcode Map. 


Page 
Number 


3-417 
3-424 


3-451 
3-460 


3-464 
3-465 
3-466 
3-467 
3-467 
3-468 
3-470 


• 


SECTION 
1 
INTRODUCTION 


The MC6805S2 
microcomputer 
unit (MCUl 
is a member 
of the M6805 Family of low-cost 
single- 


chip microcomputers. 
This 8-bit microcomputer 
contains 
a CPU, on-chip 
clock, 
ROM, 
RAM, 
I/O, 
4-channeI8-bit 
analog-to-digital 
(A/ D) converter, 
three timers, two programmable 
prescalers, 
and a 
serial peripheral 
interface 
(a block diagram 
is shown 
in Figure 1-11. It is designed 
for the user who 
needs an economical 
microcomputer 
with 
the proven 
capabilities 
of the M6800-based 
instruction 
set. 
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1.1 HARDWARE 
FEATURES 


The following 
are some of the hardware 
features 
of the MC6805S2 
MCU. 


• 
A/ D Converter 
8-Bit 
Conversion, 
Monotonic 
Four Multiplexed 
Analog 
Inputs 
Ratiometric 
Conversion 


• 
21 TTL Including 
Eight TTLiCMOS 
Compatible 
I/O 
Lines 
14 Bidirectional 
(Four Lines are LED Compatible) 
7 Input-Only 


• 
1480 Bytes of User ROM 


• 
64 Bytes of RAM 


• 
Self-Check 
Mode 


• 
Serial Peripheral 
Interface 
(S PI) 


• 
Zero-Crossing 
Detect/Interrupt 


• 
One 8-Bit and One 16-Bit Timer 


• 
One 7-Bit and One 15-Bit Software 
Programmable 
Prescaler 


• 
Three Bidirectional 
I/O Lines with 
TTL or Open-Drain 
Interface 
(Software 
Programmablel 


• 
Auxiliary 
Counter 
with 
"Watchdog" 
Reset Feature 


• 
5-Volt 
Single 
Supply 


The following 
are some of the software 
features 
of the MC6805S2 
MCU. 


• 
10 Powerful 
Addressing 
Modes 


• 
Byte Efficient 
Instruction 
Set with 
True Bit Manipulation, 
Bit Test, and Branch 
Instructions 


• 
Single Instruction 
Memory 
Examine/Change 


• 
Powerful 
Indexed Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory 
Usable as Register/Flags 


• 
User Callable Self-Check 
Subroutines 


• 
Complete 
Development 
System 
Support 
on EXORciser, 
EXORset, 
and HDS-200 
Available 
Now 


1.3 USER SELECTABLE 
OPTIONS 


The following 
are user selectable 
options 
of the MC6805S2 
MCU. 


• 
Eight Bidirectional 
I/O 
Lines with 
TTL or TTL/CMOS 
Interface 
Option 


• 
Crystal or Low-Cost 
Resistor Oscillator 
Option 


• 
Low Voltage 
Inhibit 
Option 


• 
Vectored 
Interrupts: 
Timer/ SPI, Software, 
and External 


• 
16-Bytes 
Standby 
RAM Option 


• 
Fifth A/D 
Channel 
Option 


• 


• 


SECTION 2 
SIGNAL 
DESCRIPTION, 
MEMORY, 
CPU, AND REGISTERS 


This section 
provides 
a description 
of the signals, 
memory 
spaces, 
the central 
processing 
unit 
(CPU), 
and the various 
registers. 


2.1 
SIGNAL 
DESCRIPTION 


The following 
paragraphs 
provide a brief description 
of the signals and a reference 
(if applicable) 
to 
other 
paragraphs 
that contain 
more detail about 
the function 
being performed. 


2.1.1 
VCC and VSS 


Power 
is supplied 
to the 
MCU 
using 
these 
two 
pins. 
VCC 
is power 
and 
VSS 
is the 
ground 
connection. 


These pins provide 
the capability 
for asynchronously 
applying 
an external 
interrupt 
to the MCU. 


Refer to 5.4 INTERRUPTS 
for additional 
information. 


These pins provide 
control 
input for the on-chip 
clock oscillator 
circuit. 
A crystal, 
a resistor, 
or an 
external 
signal, 
depending 
on the user selected 
manufacturing 
mask option, 
can be connected 
to 
these pins to provide 
a system clock source with 
various stability/ 
cost tradeoffs. 
Lead length 
and 
stray 
capacitance 
on 
these 
two 
pins 
should 
be 
minimized. 
Refer 
to 
5.3 
INTERNAL 
CLOCK 
GENERATOR 
OPTIONS 
for recommendations 
about 
these inputs. 


2.1.4 
Timer A/ PCO and Timer S/ PC1 


These pins allow 
an external 
input 
to be used to decrement 
the internal 
timer circuitry. 
Refer to 


SECTION 
3 TIMERS 
for additional 
information 
about 
the timer circuitry. 


This pin allows resetting 
of the MCU at times other than the automatic 
resetting 
capability 
already in 


the MCU. 
The MCU can be reset by pulling 
RESET low. 
Refer to 5.2 RESETS for additional 
infor- 


mation. 


2.1.6 
Input/Output 
Lines (PAO-PA7, 
PBO-PB3, PCO-PC1, and PDO-PD6) 


Ports A, B, and C are programmable 
as either inputs or outputs 
under software 
control 
of the data 


direction 
registers 
(OORs). 
Port 0 has up to four analog 
inputs 
or five via mask option, 
plus two 
voltage 
reference 
inputs when the analog-to-digital 
(A/D) 
converter 
is used (P05/VRH, 
P04/VRl, 


and 
an INT2 
input). 
If any analog 
input 
is used, 
then 
the 
voltage 
reference 
pins 
(P05/VRH, 


P04/VRU 
must 
be used in the analog 
mode. 
Refer to 6.1 INPUT/OUTPUT, 
6.6 ANAlOG-TO- 
DIGITAL 
CONVERTER 
(A/D), 
and 5.4 INTERRUPTS 
for additional 
information. 
Port 0 can also be 


used as a 7-bit digital 
input-only 
port. 


2.2. 
MEMORY 


As shown 
in Figure 2-1, the MCU is capable of addressing 
4096 bytes of memory 
and I/O registers 


with its program 
counter. 
The MC6805S2 
MCU has implemented 
1802 of these locations. 
This con- 


sists of: 1480 bytes of user ROM including 
eight interrupt 
vectors, 
248 bytes of self-check 
ROM, 64 
bytes of user RAM, seven bytes of port I/O, five timer registers, 
two A/ 0 registers, 
a miscellaneous 


register, 
and two serial peripheral 
interface 
(SPI) registers. 
The user ROM has been split into three 
areas. The first area is memory 
locations 
S080 to SOFF, and allows 
the user to access these ROM 


locations 
utilizing 
the direct and table look-up 
indexed addressing 
modes. The main user ROM area 


is from S9CO to SEFF. The last eight user ROM locations 
at the top of memory 
are for the interrupt 
vectors. 


The MCU 
reserves the first 
18 memory 
locations 
for I/O features, 
of which 
17 have been imple- 


mented. 
These 
locations 
are used for the ports, 
the port 
OORs, 
the timers, 
the miscellaneous 


register, 
the SPI, and the A/D. 
Of the 64 RAM bytes, 31 are shared with the stack area, from S061 
through 
S07F. The stack 
must be used with 
care when 
data shares the stack area. The lower 
16 


bytes of RAM, 
between 
S40 and S4F, may be powered 
through 
the INT2/ P06 pin via a user-defined 
mask 
option. 
Selection 
of this 
option 
does 
not 
exclude 
any of the 
available 
functions 
of the 


INT2/P06 
input. 


The shared stack area is used during 
the processing 
of an interrupt 
or subroutine 
calls to save the 
contents 
of the CPU state. 
The register contents 
are pushed onto the stack in the order shown 
in 


Figure 2-2. Since the stack pointer 
decrements 
during 
pushes, the low order byte (PCL) of the pro- 


gram counter 
is stacked first; then the high order four bits (PCHl are stacked. 
This ensures that the 


program 
counter 
is loaded correctly 
during 
pulls from the stack, since the stack pointer 
increments 
when it pulls data from the stack. A subroutine 
call results in only the program 
counter 
(PCl, 
PCHI 
contents 
being pushed 
onto the stack; 
the remaining 
CPU registers are not pushed. 


The CPU of the M6805 Family is implemented 
independently 
from the I/O or memory configuration. 


Consequently, 
it can be treated 
as an independent 
central 
processor 
communicating 
with 
I/O and 


memory 
via internal 
address, 
data, and control 
buses. 


The M6805 Family CPU has five registers available to the programmer. 
They are shown 
in Figure 2-3 
and are explained 
in the following 
paragraphs. 


• 
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I/O, 
RAM 
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Page 0 ROM 
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ROM 
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ROM 
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1248 Bytes) 


Timer 
lA, 
BI, 
SPI, iNTI 
- - - - - 
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RESET 
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Register 


Timer B MSB 


Timer B LSB 


Timer B Control 
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Result 
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SPI 
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l-Stack 
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Register 
11 
87 
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Program Counter 
11 
54 


10101010101111 


Carry/Borrow 


Zero 
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Interrupt 
Mask 


Half Carry 


2.4.1 
Accumulator 
(A) 


The accumulator 
is a general purpose 8-bit register used to hold operands 
and results of arithmetic 


calculations 
or data manipulations. 


2.4.2 
Index Register (Xl 


The index register 
is an 8-bit 
register 
used for the indexed 
addressing 
mode. 
It contains 
an 8-bit 


value that may be added to an instruction 
value to create an effective 
address. 
The index register 
can also be used for data manipulations 
using the read-modify-write 
instructions 
and as a temporary 
storage 
area. 


• 


2.4.3 
Program 
Counter 
(PC) 


The program 
counter 
is a 12-bit 
register 
that 
contains 
the address 
of the next instruction 
to be 
executed. 


2.4.4 
Stack 
Pointer 
(SP) 


The stack 
pointer 
is a 12-bit 
register 
that 
contains 
the address 
of the next free location 
on the 
stack. 
During an MCU reset or the reset stack pointer 
(RSP) instruction, 
the stack pointer 
is set to 
location 
$07F. The stack 
pointer 
is then decremented 
as data is pushed 
onto 
the stack 
and in- 


cremented 
as data is pulled from the stack. The seven most significant 
bits of the stack pointer 
are 
permanently 
configured 
to 0סס oo11. Subroutines 
and interrupts 
may be nested down 
to location 
$061 (31 bytes maximum) 
which 
allows 
the programmer 
to use up to 15 levels of subroutine 
calls 
(less if interrupts 
are allowed) . 
• 


2.4.5 
Condition 
Code Register 
(CC) 


The condition 
code register is a 5-bit register in which 
four bits are used to indicate the results of the 


instruction 
just executed. 
These bits can be individually 
tested 
by a program 
and specific 
action 
taken as a result of their state. Each bit is explained 
in the following 
paragraphs. 
For more informa- 


tion 
concerning 
the condition 
code 
register 
refer to the M6805 
HMOSIMl46805 
CMOS 
Family 
Users Manual. 


2.4.5.1 
HALF CARRY (H) - 
Set during ADD and ADC operations 
to indicate that a carry occurred 
before bits 3 and 4. 


2.4.5.2 
INTERRUPT 
(I) - 
When 
set, this bit masks (disables) 
the timer (both 
A and B), external 


IINT1 and INT2), and the serial peripheral 
interface 
interrupts. 
If an interrupt 
occurs while this bit is 
set, the interrupt 
is latched 
and is processed 
as soon as the interrupt 
bit is cleared. 


2.4.5.3 
NEGATIVE 
(N) - 
When set, this bit indicates 
that the result of the last arithmetic, 
logical, 
or data manipulation 
was negative 
(bit 7 in the result is a logic one). 


2.4.5.4 
ZERO (Z) - 
When set, this bit indicates 
that the result of the last arithmetic, 
logic, or data 
manipulation 
was zero. 


2.4.5.5 
CARRY IBORROW 
(C) - 
When 
set, this bit indicates 
that a carry or borrow 
out of the 
arithmetic 
logic unit (ALU) 
occurred 
during 
the last arithmetic 
operation. 
This bit is also affected 
during 
bit test and branch 
instructions 
plus shifts and rotates. 


SECTION 3 
TIMERS 


The 
M C680552 
has three 
timers 
and two 
programmable 
prescalers 
(see Figure 3-1) which 
are 
described 
in this sectio,n. 


Select 
TBCR4.5 


~ 
Internal 
Clock 


II 
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Timer A is an 8-bit programmable 
down 
counter, 
which 
may be loaded under program 
control 
(see 


Figures 3-2 and 3-3). Included 
in this timer is a modulus 
latch which 
allows 
the timer to be "auto 
reloaded." 
Address 
$08 is the location 
of TIMER A's data register. 
Upon every clock input received, 


timer 
A decrements 
toward 
$00. Upon 
reaching 
this value, 
bit 7 in the timer 
A control 
register 
(TACR located at $09) is set, signifying 
a timer interrupt 
has been generated 
At the same time, the 
timer is reloaded with the contents 
of the modulus 
latch. 
In addition 
to setting 
the interrupt 
bit, the 
transition 
to state $00 also generates an overflow 
condition 
which can be used to toggle bit 0 or bit 1 
of port B directly, 
under the control 
of the miscellaneous 
register bit 3 (M R3), the serial peripheral 


interface 
control 
register, 
and the port B data direction 
register. 
The bit selected depends 
upon the 
state of bit 0 of the miscellaneous 
register. 
The timer interrupt 
may be masked by setting 
bit 6 of the 
TACR. 
Of course, 
the I bit in the condition 
code register will also prevent a timer interrupt 
from be- 


ing processed 
The timer interrupt 
vector 
locations 
are $FF8 and $FF9. The timer interrupt 
request 
bit MUST 
be cleared 
by software. 


{ 
Selected 


Prescaler 


TACR7 = Timer A Interrupt 
Request Flag 
TACR6 
== Timer A Interrupt 
Request Mask 


TACR5 = External/Internal 
TACR4 = External Enable 
TACR3 ~ Timer 
A Load Mode 
Control 


TACR2} 
TACRl 
Prescaler 1 Divide Ratio Select 


TACRO 


TACR5 
TACR4 
Prescaler 1 Clock 


0 
0 
Internal 
Clock 


0 
1 
AND 
of Internal 
Clock-peO 


1 
0 
Clock 
Disabled 


1 
1 
pea Positive Transition 


There are three ways of loading data from the modulus 
latch into timer A as described 
in the follow- 
ing paragraphs. 


3.1.1 
Direct 
Loading 


When 
the MCU writes 
to the timer A data register, 
the data is latched 
by the modulus 
latch, and 
forced 
into the timer. 
For this operation, 
TACR 
bit 3 must be clear. 


3.1.2 
Asynchronous 
External 
Event Loading 


When TACR bit 3 is a logic one, the contents 
of the modulus 
latch are transferred 
to the timer at the 
rising edge of the INT2 interrupt 
request 
bit (MR7) gated with 
interrupt 
request 
mask bit (MR61. 


NOTE 


If this feature is used, then care must be taken in programming 
as it will start an interrupt 
service routine 
if the I bit in condition 
code register 
(CCl is clear. 


Loading 
$00 tv 
timer 
A allows 
a countdown 
of 256 clocks 
before 
next 
$00 state 
is 


reached. 


3.1.3 
Auto-Loading 


Auto-loading 
of the modulus 
latch occurs whenever 
the timer reaches the $00 state. This mode is 


independent 
of the status 
of bit 3 in TACR. 


NOTE 


Loading 
modes 1 and 2 are mutually 
exclusive, 
and auto-loading 
occurs in both modes 1 


and 2. 


Timer 
A may be read at any time without 
disturbing 
the countdown 
mechanism 
of the timer. 
At 
reset, both the timer and modulus 
latch contents 
are set to $FF. 


NOTE 


Loading $01 to timer A should be avoided when operating 
with a divide-by-one 
prescaler. 


Doing 
so will 
inhibit 
timer 
A auto-loading, 
interrupt 
generation, 
and 
port 
B toggle 


mechanisms. 


Timer 
A control 
register 
(TACRl 
occupies 
memory 
location 
$09 (see Figure 
3-41. Five bits are 


allocated 
to timer A and three bits are used to control 
prescaler 
1. 


• 
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TACR7 
Timer A Interrupt 
Request 
Flag 
Set at the transition 
of timer A to SOOstate. 
Cleared by software 
or at reset. 


TACR6 
Timer A Interrupt 
Request 
Mask 
Set at reset or under program 
control. 
When 
set, timer A interrupt 
requests to the pro- 
cessor are inhibited. 
Cleared under program 
control. 


TACR5 
External or Internal 
Bit 
Set under program 
control. 
When set, selects the input clock source for prescaler 1 to be 
the 
PCO input, 
otherwise 
the 
internal 
clock 
(fosc 
divided 
by four) 
is the 
input 
clock 
source. 
Cleared at reset or under program 
control. 


TACR4 
External 
Enable Bit 
Control 
bit used to enable the external 
timer pin (PCOI. 


TACR5 


o 
o 


1 


1 


TACR4 


o 


1 
o 


1 


Prescaler 1 Clock Source 


Internal 
Clock 
AND 
of Internal 
Clock and PCO· 


Inputs 
Disabled 


PCO· Low-to-High 
Transition 


TACR3 
Timer A Load Mode 
Control 
Set under 
program 
control. 
When 
set, allows 
asynchronous 
external 
event 
loading 
of 
timer 
A lINT2 
driven 
loading 
is enabled I. Cleared 
under 
program 
control 
or at reset. 


When 
clear, allows 
direct 
loading 
of timer A. Auto-loading 
takes place independent 
of 
TACR3 status. 
Cleared by reset or by program 
control. 


TACR2} 
TACR1 
TACRO 


Prescaler 1 Division 
Ratio Control 
Bits 
Set or cleared under program 
control, 
also cleared at reset. When 
set, these bits select 
one of the eight 
possible 
outputs 
on prescaler 
1. 


Prescaler 
1 
TACR2 
TACR1 
TACRO 
Division 
Ratio 


o 
0 
0 
1 


o 
0 
1 
2 
010 
4 
o 
1 
1 
8 
1 
0 
0 
16 
1 
0 
1 
32 
1 
1 
0 
64 
1 
1 
1 
128 


Timer 
B is a 16-bit timer which 
is accessed 
via two 
registers 
at SOB for the most-significant 
byte 


(MS B) and SOCfor the least-significant 
byte (LS B) (refer to Figure 3-5). Included within 
the MS B of 
timer 
B is a "pipeline" 
latch, which 
allows a "snap 
shot" 
value of the entire 
16 bits to be read. 


II 


{ 
Selected 
Prescaler 


MCU Data Bus 


{ 
MCU - 
[Timer 
B LSBI 
[Po Latch WI -[Timer 
B MSBI 


MCU-IP. 
Latch WI 


{ 
[Timer 
B LSBI-MCU 
[Timer 
B MSBI -fP. 
Latch R] 


Read/write 
operations 
to the LSB are direct. 
Reading the LSB can occur at any time without 
dis- 


turbing 
the count. 
At the time of the LSB read, the contents 
of the MSB are loaded into the pipeline 
latch, so when 
the MPU reads the MSB, 
it actually 
reads the latch. 


Writing 
to the LSB of timer B may occur at any time, and the contents 
are immediately 
entered into 
the timer. At the same time the contents 
of the pipeline latch are forced into the MSB of the timer. 


Hence, a 16-bit word may be placed into the entire timer data register during a LSB write operation. 


In order to manipulate 
a 16-bit word 
in timer B during a read, it is recommended 
that a read of the 


LSB be done first, then the MSB. 
A 16-bit write should 
be done in the opposite 
order. 
(First, write 


the MSB and then the LSB.) 
After 
reset, timer B contains 
$FFFF. 


Like timer A, timer B decrements 
toward 
zero upon every clock input received and during the transi- 


tion to state $00 TBCR7 
in the timer B control 
register 
is set (TBCR is located 
at $00). 


The timer interrupt 
can be masked by setting the timer interrupt 
mask bit (TBCR6) (Figure 3-6). The 


I bit in the condition 
code register 
will also prevent 
a timer 
interrupt 
from 
being 
processed. 
The 


MCU responds to a timer interrupt 
by saving the current 
MCU state in the stack, fetching 
the vector 
from $FF8 and $FF9, and executing 
the interrupt 
routine. 
The timer ihterrupt 
routine 
bit MUST 
be 
cleared by software. 


lBeR7 = Timer B Interrupt Request Flag 
TBCR6= 
Timer 8 Interrupt Request Mask 
TBCR5= 
External/lnternal 
TBCR4 ~ External Enable 


TBCR3} 
TBCR2 
. . 
. 


T Be R 1 
Prescaler 2 DIVide RatiO Select 


TBCRO 


TBCR5 
TBCR4 
Prescaler 2 Clock 


0 
0 
Internal 
0 
., 
AND of Internal Clock-PCl 
, 
0 
Clock Disabled 
, 
, 
PCl Positive Transition 


The transition 
to $00 generates an overflow 
pulse which 
may be used to force a port B data register 
toggle 
under the control 
of the miscellaneous 
register bit 3 (MR3), 
the SPI control 
register, 
and the 
port 
B 
data 
direction 
register. 
(See 
6.5 
MISCELLANEOUS 
REGISTER 
and 
4.3 
SERIAL 
PERIPHERAL 
INTERFACE 
CONTROL 
AND 
STATUS 
REGISTER) 


Timer 
B control 
and status 
register 
(TBCRl 
occupies 
memory 
location 
SOD (see Figure 3-6). Four 
bits are allocated 
to timer 
B and four bits are used to control 
prescaler 2. 


TBCR7 
Timer 
B Interrupt 
Request 
Flag 
Set at the transition 
of timer B to $00. Cleared by software 
or at reset. 


TBCR6 
Timer 
B Interrupt 
Request 
Mask 
Set at reset or under program 
control. 
When set, inhibits timer B interrupt 
request~ to the 
processor. 
Cleared under program 
control. 


TBCR5 
External or Internal 
Bit 
Set under program 
control. 
When set, selects the input clock source for prescaler 2 to be 
the 
PC1 input, 
otherwise 
the 
internal 
clock 
(fosc 
divided 
by four) 
is the input 
clock 
source. 
Cleared at reset or under program 
control. 


TBCR4 
External 
Enable Bit 
Set under program 
control 
or at reset. When 
set, this bit enables the external 
timer pin 
(PC1). Cleared under program 
control. 


TBCR5 
o 
o 
1 
1 


TBCR4 
o 
1 
o 
1 


Prescaler 2 Clock Source 


Internal 
Clock 
AND 
of Internal 
Clock and PC1" 
Inputs 
Disabled 
PC1" Low-to-High 
Transition 


TBCR3} 
TBCR2 
TBCR1 
TBCRO 


Prescaler 2 Division 
Ratio Control 
Bits 
Set or cleared under program 
control. 
When 
set, these bits select one of the 16 possible 
outputs 
on prescaler 2. All bits are cleared at reset. 


* PCl sta~usdepends 
on the data direction 
status of PCl. 
If PCl is an output, 
then the clock source is equal to the port data register con- 


tent, independent 
of the port electrical loading. If an input then the clock source is the logic level on PCl. 


• 


TBCR3 
TBCR2 
TBCRl 
TBCRO 
Division Ratio 


0 
0 
0 
0 
1 


0 
0 
0 
1 
2 
0 
0 
1 
0 
4 


0 
0 
1 
1 
8 
0 
1 
0 
0 
16 
0 
1 
0 
1 
32 
0 
1 
1 
0 
64 
0 
1 
1 
1 
128 
1 
0 
0 
0 
256 
1 
0 
0 
1 
512 


1 
0 
1 
0 
1024 
1 
0 
1 
1 
2048 
• 


1 
1 
0 
0 
4096 
1 
1 
0 
1 
8192 
1 
1 
1 
0 
16384 
1 
1 
1 
1 
32768 


3.5 
PRES CALER 
1 


Prescaler 1 is a 7-bit binary down counter 
whose value is selected 
by TACR2, 
TACR1, 
and TACRO. 


The selected 
output 
is used as the clock 
input 
to either timer A or timer 
B, depending 
upon the 
status 
of the prescaler 
cross-couple 
bit (MR1). 
The type of clock 
source 
to prescaler 
1 may be 
selected 
by TACR5 and TACR4 
(see 3.1 TIMER AI. 


Prescaler 1 is set to $7F at reset or under program 
control 
when a one is written 
to prescaler 1 clear 


bit (MR3). 


NOTE 


When 
changing 
outputs 
on the prescaler, 
a prescaler clear should 
be done first to avoid 
truncation 
errors. 


Prescaler 
2 is a 15-bit 
down 
counter 
whose 
value 
is selected 
by TBCR3, 
TBCR2, 
TBCR1, 
and 
TBCRO. The selected output 
is used as the clock input to either timer A or timer B, depending 
upon 


the status of MR1. The type of clock source to prescaler 2 can be selected 
by TBCR5 and TBCR4 


(see 3.3 TIMER 
B). 


Prescaler 
2 is preset 
to $7FFF at reset. 
under 
program 
control 
when 
a logic 
one is written 
to 
prescaler 2 clear bit (M R2l. 


NOTE 


When 
changing 
outputs 
on the prescaler. 
a prescaler clear should 
be done first to avoid 


truncation 
errors. 


The third timer register in the MC6805S2 
is the auxiliary counter. 
or "watchdog" 
timer. 
It is a fixed 
counter 
which 
is clocked 
by the internal clock (fosc divided 
by four). 
The total count 
period is 4095 


cycles. The MCU communicates 
with this counter 
via the miscellaneous 
register bits 5 and 4 (MR5, 


M R4). Upon overflow, 
the auxiliary counter 
controll 
status bit in the miscellaneous 
register (M R5) is 
set. 
Countdown 
may be aborted 
at any time 
under 
program 
control, 
which 
also will 
reset the 


counter 
to 4095. To do this, the M CU must write 
to M R5 the inverse of what 
is read from 
M R5. 


At reset, the counter 
is preset to its maximum 
count 
of 4095, and MR5 is cleared. The value of the 
counter 
is not accessible 
to the 
MCU; 
however, 
the possibility 
of detecting 
an underflow 
and 
presetting 
it at any time under program 
control 
allows it to be used as a fixed rate polled timer in ap- 


plications 
requiring 
lengthy 
time out periods. 


When the auxiliary counter 
reset mask bit in the miscellaneous 
register (MR4l 
is clear and the MR5 
is set as a result of counter 
time out, the reset pin is internally 
pulled to ground 
(VSS). 
This feature 


is useful in many applications, 
e.g., 
automotive, 
where the MCU operates 
in a noisy environment. 


Due to high energy spikes on the power supply and 1/0 
lines, the MCU may lose control 
of the pro- 


gram and execute 
through 
non-valid 
memory 
space. 
The "watchdog" 
timer will 
bring the MCU 
back to reset. MR4 is automatically 
set at reset or under program 
control. 
• 
To return 
from a catastropic 
system 
runaway, 
the reset line is pulsed, which 
will restart the entire 


program. 
This 
program 
should 
regularly 
preset 
the auxiliary 
counter 
at a rate higher 
than 
the 
counter 
time out so as not to allow a forced 
reset. If program 
runaway 
does occur, 
it is likely that 
regular presetting 
of the auxiliary counter 
will not take place, and an overflow 
will force the MCU to 
regain control. 
(See Figure 3-7.) 
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o Counter 
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SECTION 4 
SERIAL PERIPHERAL INTERFACE (SPI) 


The serial peripheral 
interface 
(SPI) on the MC6805S2 
has several versatile 
operating 
modes. 
Ar- 


bitration 
on data and clock 
lines is provided. 
The SPI communicates 
with 
the MCU via data and 
control 
registers 
located 
at memory 
addresses $10 and $11, respectively. 
Operation 
of the SPI oc- 
curs via port B (see Figure 4-1). 


The SPI consists 
of: 


a) an 8-bit 
shift 
register 
IMSB 
out first; 
MSB 
in first) which 
may also be used as an SPI data 


register, 


bl a divide-by-eight 
counter, 


c) slave select/ arbitration 
logic, 


dl an SPI control 
register, 
and 


el start and stop bit detection 
capability. 


Unlike the I/O port operation, 
the SPI data and clock inputs are always taken from their respective 


I/O port pins, regardless of the status of the data direction 
register relative to that port. This makes 


it easy to do data and clock arbitration. 


Serial peripheral 
interface 
operation 
is enabled 
when 
the SPI enable 
bit (SPICR4) 
is set. When 
enabled, 
the SPI is capable 
of operating 
in the following 
modes: 


alone 
wire 
- 
auto clocked 
le.g., 
NRZl, 


bl two wire 
- 
half duplex, 


c) two wire 
- 
half duplex 
with 
clock arbitration, 


dl three wire 
- 
half duplex with 
slave select/busy 
line, 


el three wire 
- 
full duplex, 


f) 
three wire 
- 
full duplex 
with 
clock arbitration, 
and 


gl four wire 
- 
full duplex 
with 
slave select/busy 
line. 


The following 
explanations 
are provided 
to facilitate 
user understanding 
of the various 
operating 
modes of the serial peripheral 
interface 
(see Table 4-1). 


• 
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DEFINTIONS 
Transmitter 
~ 
Data Master: 
DDRB2 
or 3= 1 
Receiver - 
Data Slave: DDR82 
or 3=0 
Clock 
Master 
DDRB1 = , 
Clock 
Slave- 
DDRB' 
=0 
TransactIon 
Mode: 
SPICA4= 
1 


11 Active: 
SPICR7-IDDRBO-PBO+ 
DDRBOI 
il DDRB' 
=0 
(clock 
slave model 
or 


SPICR7-IDDRBOoPBO+ 
DDRBOI 
if DDRB1 =, 
(clock 
master 
model 


Clock pulses allowed. 
data shifted 
21 Idle: SPICR7 + DDRBOoPBO il DDRB1 =0 
(clock 
slave mode) 
Clock pulses blocked. data output line In high-Impedance 
state 
Deselect 
Mode 
SPICR4=0- 
No SPI Operations 


SLAVE 
SELECT 
INPUT 
Slave 
Select 
Input: 
SPISS 
- 
PBO 


If DDRBO~O 
then no SPISS 
actIon 
on MCU 
1) Master 
Mode: 
SPISS ~ 1 
DDRB1 = , 


SPISS' 
- 
0 
Switch 
to Slave Mode 
IDDRBt 
1-01 
Set SPICR1 
(Mode 
Fault Flagl 


2) Slave 
Mode 
SPISS=O 
DDRB' 
=0 
External clock is allowed to shift data in/out. 
If SPISS is pulled high, the external clock input pulses are 
inhibited; 
no data 
shift; 
dlvide-by-eight 
counter 
cleared; 
SPIO 
l P82 
or PB31 switched 
to high- 


Impedance 
state 
Used as ChIp-Select 
Input 


DATA 
ARBITRATION 
Data master loses data mastership when data CollISion occurs dUring Internal data strobe time 


II 


Then SPICR] 
Imode 
fault 
flag) is set, SPID output 
port 
DDR (B2 or B31 t -0 
(high-Impedance 
state) 


CLOCK 
ARBITRATION 
MCU 
has clock 
mastership 
IDDRB' 
= 11 


11 Via 
SPISS 
line 
IDDRBO~OI_ 
II SPISSis 
pulled 
low, 
then 
clock 
mastership 
lost; 
DDRB' 
, -0 
thigh- 
impedance 
statel, 
SPICRl 
IS set (mode fault flag) 
2) Via clock 
hne SPICL 
IDDRBt 
=, 
and DCRB5=0I 


Condition 
SPieL 
must have open-drain 
output IDCRB5=OI 


If SPICL goes low during idle mode then SPICR1 = 1 and clock line is switched 
low to inhibit 
the system clock 


MODE 
FAULT 
FLAG OPERATION 
(SPICR') 


Flag set when any of the following conditions occur. 


Data arbitration 
occurs on SPID output. 


Clock arbitration with SPISS 
during master to slave switching. 


Clock arbitration via clock line If SPICL 1-0 
during idle. 


START, 
STOP, 
AND 
CLOCK 
IDLE CONDITIONS 


Clock Idle: The clock level Just prior to the transition that causes data on the serial output data line to be changed 
IS 
defined as the SPI clock Idle state. 
SPICR5=0- 
SPICL 
Idle= 
Low 
State 


SPICR5=': 
SPICL 
Idle= 
High 
State 


NOTE 


Clock 
idle state can only be defined 
if SPICR4 ~ 0 lDeselect 
Model 


II 


4.2.1 
Clock Mastership 


The SPI clock source is always taken from port B1. When 
the clock level on pin PB1 is defined 
by 
the MCU, it is said that the MCU has clock mastership. 
The principle 
condition 
for clock mastership 
during 
an SPI operation 
is that port B1 must be initialized 
by its DDR bit so that the port is in the 
output 
mode. When 
PB 1 DDR is clear (i. e., configured 
as an input) 
during 
an SPI operation, 
and 
external 
device provides 
the SPI clock on pin PB1. This is referred 
to as the "clock 
slave" 
mode. 


4.2.2 
Data Mastership 


SPI data transactions 
(transmission/ 
reception) 
can occur through 
port B2, port B3, or through 
both 
of these ports as determined 
by the software. 
The MCU is said to have data mastership 
when 
the 
data output 
on the selected data output 
port is defined 
by the processor. 
lhe 
main requirement 
for 
data mastership 
during 
an SPI operation 
is that the selected 
SPI data output 
port, 
PB2 or PB3, be 
initialized 
by its DDR bit to be in the output 
mode. 
Routing 
of output 
data to the proper port data 
register 
is done by SPICR3. 
The MC6805S2 
may be a "receiver" 
in any mode of operation. 


4.2.3 
SPI Transaction 
Mode 


This is the mode where the SPI is allowed 
to operate (see Figure 4-2). Operation 
takes place via port 
B lines. SPI transactions 
are enabled when 
the SPI control 
register 
bit 4 (SPICR4) 
is set. 


4.2.4 
SPI Deselect 
Mode 


SPICR4 
is clear in this 
mode. 
All 
SPI operations 
and actions 
relative 
to the SPI operation 
are 
blocked 
in the SPI deselect 
mode. 
This mode is selected 
at reset. 


4.2.5 
SPI Active 
Mode 


The SPI active 
mode is part of the transaction 
mode (Figure 4-3l. 
In addition 
to the transaction 
mode requirements, 
the two following 
requirements 
must be met for the MC6805S2 
to operate 
in 
the SPI active mode: 1) SPICR7 = 0, and SPISS (port BOl = 0 if PB1 DDR = 0 (clock slave mode) and 
2) SPICR7=0 
and SPISS=1 
if PB1 DDR=1 
(clock 
master 
mode). 
In this mode, 
the SPI clock 
pulses are allowed 
to shift serial information. 


This is part of the transaction 
mode and is characterized 
additionally 
by 1) SPICR 7 = 1 or 2) slave 
select input 
(port 
BOl = 1 if DDRB1 = 0 (clock 
slave model. 
In this mode all SPI clock 
pulses are 
blocked 
and, if the MCU is in the clock slave mode, 
the serial data out line is forced 
to high im- 
pedance if slave select input PBO= 1. In this mode the MCU is processing 
serial data or is deselected 
under external 
control. 
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_ 
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SPICR? 
SPI Interrupt 
Request 
Bit 
This bit is cleared 
at reset or under 
program 
control. 
When 
the eighth 
SPI data input 
strobe 
is detected 
from 
the SPI clock 
input 
this SPI interrupt 
request 
bit becomes 
set. 
When 
set, it forces the SPI into the idle mode. 
It remains in the idle mode until it is ser- 


viced. Only if SPICR? is not masked by SPICR6 is the processor 
allowed 
to receive an in- 
terrupt 
request. 
The processor 
services this interrupt 
if the I bit is clear in the condition 
code register. 
It does so by fetching 
the interrupt 
vector 
from addresses $FF8 and $FF9. 
As long as SPICR? 
is set the SPI remains 
in the idle mode 
during 
SPI transactions. 
SPICR? is also cleared at the zero to one transition 
of SPICR2 due to a "start 
bit" 
detec- 
tion during 
the transaction 
mode. 


SPICR6 
SPI Interrupt 
Request 
Mask Bit 
This bit is set at reset or under program 
control. 
When 
set, it inhibits 
interrupt 
requests 
from SPICR? 
This bit is cleared under program 
control, 
or at the zero to one transition 
of 
SPICR2 due to a "start 
bit" 
detection 
during 
the transaction 
mode. 


Interrupt 
ReQuest 
To CPU 


To PB3 
Data "Register 


To PB2 


Data Register 


SPICR5 
SPI Clock Sense Bit/Bus-Busy 
Flag 
This is a dual-function 
bit controlled 
by the status of SPICr14. The function 
of this bit is 
the following: 


SPICR4 
Mode 
SPICR5 Function 
o 
SPI Deselect 
SPI Clock Sense Bit (Read/Writel 
1 
SPI Transaction 
SPI Bus-Busy 
Flag (Read Only) 


If the SPI is in the deselect 
mode (SPICR4=Q), 
SPICR5 becomes 
a read/write 
bit that 
controls 
the clock sense and SPICL idle level. When low, this bit causes SPI input data to 
be latched 
into the SPI data register 
on the negative 
edge of the SPI clock and output 
data to be changed 
on the positive 
edge of the SPI clock. 
This corresponds 
to a low 
SPICL idle level. When 
high, input data is latched 
on the positive 
edge and output 
data 
changed 
on the negative 
edge of the SPI clock. 
This corresponds 
to a high SPICL idle 
level. Data in the SPI data register is shifted 
by one location 
to the left at the SPI clock 
edge that latches SPI input data. This clock edge is referred to as the data input strobe. 


During 
SPI operation 
(SPICR4= 
1), SPICR5 
becomes 
a read-only 
bit that 
serves as a 


"bus-busy" 
flag. This flag is set due to a start condition 
and cleared due to a stop condi- 


tion or at reset. A received 
MCU or a clock slave can poll this flag to determine 
the ap- 
propriate 
time to "capture 
the bus" and become a transmitter 
or clock master. 
This flag 
provides 
a "clean" 
hook-unhook 
mechanism 
to the serial bus to allow true multi-master 
operation. 


In a properly 
ordered 
system, 
only one MCU has data mastership 
between 
a given start 
and stop 
condition. 
Outside 
this 
busy 
zone, 
the serial bus is considered 
free and 
is 


• 


II 


signalled to the MCUs via the bus-busy 
flag. In the case that more than one processor 
at- 
tempts 
to gain access to the bus during this free zone, a normal data arbitration 
will take 
place. The MCUs with low priority 
can then get off the bus and remain as slaves until the 
next free zone 


SPICR4 
SPI Operation 
Enable Bit 
This bit is cleared at reset or under program 
control. 
When set under program 
control, 
it 
allows 
SPI operation 
and actions 
relative 
to it. When 
it is cleared, 
the divide-by-eight 
counter 
is reset; the SPI data register is disabled from shifting; 
and data and clock arbitra- 


tion logic, as well as the slave select input logic, actions are inhibited. 
Logic status of this 
bit determines 
which 
of the dual functions 
is performed 
by SPICR2 and SPICR5. 


SPICR3 
SPI Data Output 
Select 
Bit 
This bit is cleared at reset or under program 
control. 
When 
set under program 
control, 
this bit allows the output 
of the SPI data register to be loaded to the port B3 data register 
at the appropriate 
SPI clock 
edge selected 
by SPICR5, 
during 
the active 
transaction 
mode. 
When 
clear, the port 
B2 data register 
is loaded with 
the output 
of the SPI data 
register at the appropriate 
SPI clock edge during 
the active transaction 
mode. 


SPICR2 
Port B1 Toggle 
Enable/Start 
Bit 
This is a dual function 
bit controlled 
by the status of SPICR4. The function 
of this bit is 
the following: 


SPICR4 
o 


1 


Mode 


SPI Deselect 
SPI Transaction 


SPICR2 Function 


Port B1 Toggle 
Enable 
Start 
Bit 


During 
non-SPI 
operations 
(SPICR4= 
0), 
when 
set under 
program 
control, 
SPICR2 
enables port 
B1 data register toggle 
facility. 
Its prime use is in applications 
where 
con- 
tinuous 
toggle operation 
may be required. 
This bit is cleared under program 
control 
or at 
reset. 


During SPI operation 
(SPICR4= 
1), this bit is set by the negative transition 
of the data in- 


put of the SPI data shift register while the clock is in its idle level. The (SPICL) idle level is 
defined as the high level of SPICL if SPICR5= 
1 or the low level of SPICR5= 0 
Note that 
SPICR5 must be defined 
during 
the SPI deselect 
mode (SPICR4=01 


At the protocol 
level, this means that a "start" 
condition 
may be defined 
as an excep- 


tional change of state of data input while this condition 
does not occur or should 
not be 
allowed 
to occur 
during 
the data transmission. 
"Start" 
condition 
information 
may be 
used to distinguish 
address and data transmissions, 
as well as transmission 
resync after 
transmission 
synchronization 
has been lost. 
This 
bit is cleared 
or set under 
program 
control. 


SPICR1 
Mode Fault Flag 
This 
bit 
is cleared 
at 
reset or under 
program 
control. 
It is set under. the 
following 
conditions: 


1) When 
SPI data output 
arbitration 
occurs 
on the SPI data output 
port lPB3 or PB2l 
selected 
by SPICR3, 
the 
SPI data 
output 
port 
DDR 
is cleared 
(switches 
to high- 
impedance 
state), 
MCU loses data mastership, 
and the mode fault flag is set. 


2) When the MCU has clock mastership 
(i.e., port B1 DDR = 1), slave select input PBO, if 
used as such in the application, 
should stay high. 
If a low level is detected 
on this in- 
put, then the MCU loses clock mastership, 
switches 
to clock slave mode, the port B1 
DDR is cleared, 
and the mode fault flag is set. 


3) When 
the MCU operates 
in the master mode where 
clock arbitration 
is done via the 
clock line, then the mode fault flag is set during 
the idle mode when a negative 
clock 
edge is detected 
on the SPI clock 
input. 
Simultaneously 
the port 
B1 data register 
is 
cleared. 


This feature allows the MCU to detect that some other device has attempted 
to drive the 
SPI clock input while the MCU was not ready to perform 
a serial transaction; 
or that MCU 
has lost data mastership 
or clock 
mastership. 


SPICRO 
SPI Input 
Data Select 
Bit 
This bit is cleared at reset or under program 
control. 
When set under program 
control, 
it 
allows 
SPI data from 
port 
B3 to be latched 
into the SPI data register. 
When 
clear, SPI 
data from 
port B2 is routed 
to the input 
of the SPI data register. 


This register can be written 
into at any time. 
It can be read "on the fly" 
irrespective 
of serial opera- 


tion without 
disturbing 
the data. Data is shifted 
left by one bit every time there is a data input strobe 
while 
the LSB is loaded with 
data from 
port B2 or B3 according 
to the status of SPICRO. 


The MSB 
is loaded to the data register of port B2 or B3 according 
to the status of SPICR3 every 
time there is a data output 
strobe. 
Data input and output 
strobes 
are generated 
during 
the transi- 


tions of the SPI clock input to the MCU under the control 
of SPICR5. Data input and output 
strobes 


are generated 
internally 
only during 
the active transaction 
time. 


This counter 
is cleared during SPI deselect or idle modes. 
It counts at every data input strobe during 
the SPI active transaction 
mode. At overflow, 
it sets SPICR7, which 
in turn puts the SPI in the idle 
mode and blocks 
all data input 
and output 
strobes. 
This counter 
is also cleared when 
the slave 
select input (PBOl is high while the MCU is operating 
the SPI with slave select in the slave mode, or 
when a "start" 
condition 
is detected. 
Clearing of the counter 
by the "start" 
condition 
allows resyn- 


chronization 
of data transmission 
between 
MCUs. 


• 
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4.6 
SPI OPERATION 


The SPI may operate in a variety of ways depending 
on user application 
needs. The main modes are 
described 
below; 
however, 
this list is neither exhaustive 
nor absolute. 
Software 
assisted protocols 
may be defined 
to upgrade the hardware 
versatility 
and/ or system performance 
of the MC6805S2. 
Some features 
common 
to all operating 
modes are outlined 
below. 


1l The SPI data input and output 
paths may be individually 
routed under program 
control 
via 
SPICR3 and SPICRO to or from either 
PB2 or PB3 (see Table 4-21. This gives rise to four 
possible routings 
useful in half duplex and full duplex operations, 
as well as allowing 
bidirec- 


tional information 
to flow 
in daisy-chained 
systems. 


2l When 
data 
input 
and 
output 
is 
done 
on 
the 
same 
pin 
(PB2 
or 
PB31, 
i.e., 


SPICR36l SPICRO=O, 
then half duplex operation 
takes place. The unused port line (PB2 or 
PB3l is free for any other 
use. 


3) Data 
input 
is always 
relative 
to the port 
pin logic 
level regardless 
of the data direction 
register status on that pin. 


If SPICR36l SPICRO=O, 
then in case of data arbitration 
on the data output 
line, the data in- 
put to the SPI data register is always equal to the logic level imposed on the data input pin 
by the device which 
wins the data arbitration. 


Port 
Name 
Use 
Input 
Output 
Comments 


PBO 
SPISS 
Yes 
No 
Used as slave select input 
PBO 
Data 
No 
Yes 
Used as "busv" 
signal or any digital output 


PBl 
SPICL 
Yes 
No 
Clock slave 


PBl 
SPICL 
No 
Yes 
Clock 
master 


PB2 
SPIO 
Yes 
No 
SPI data input 
SPICRO= 0 
PB2 
SPIO 
No 
Yes 
SPI data output 
SPICR3~O 


PB2 
Data 
Yes 
Yes 
Any 
digital 
signal SPICR3= 
1 


PB3 
SPID 
Yes 
No 
SPI data input 
SPICRO-l 


PB3 
SPID 
No 
Yes 
SPI data output 
SPICR3~ 
1 
PB3 
Data 
Yes 
Yes 
Any 
digital 
signal SPICR3 = 0 


4) When full duplex operation 
is required, 
then SPICR3 6l SPICRO= 1. In this mode, 
16 bits of 
information 
may be transferred 
with 
eight clock pulses between 
,at least two 
devices with 
transmit 
capability. 
In this 
mode 
both 
PB2 and 
PB3 are used 
for 
SPI data 
transfer. 
Moreover, 
the same shift 
register 
is used for data out and data in. Thus, 
the byte trans- 
mitted is replaced by the byte received, 
removing 
the need for separate status bits for XMIT 
EMPTY and REC FU LL. A single status bit, SPICR7, is used to signify that the input/ output 
operation 
is complete. 


5l The SPI clock is always provided 
on port B1. In the clock slave mode, the port B1 DDR is 
clear (i.e., 
input 
model. 
In the clock master mode, 
the port B1 DDR is set and hence the 
MCU imposes the clock level on pin PB1 until there is clock arbitration 
on the clock line or 
until the MCU loses clock 
mastership 
when the slave select input 
PBO goes low. 


6) Clock pulse generation 
in the case of clock mastership 
is accomplished 
via the data register 


toggle 
facility 
provided 
on port B1. According 
to the status of MRO, the overflow 
pulse of 
either 
timer 
A or B is used as a toggle 
clock 
source 
during 
the active 
transaction 
time. 


Hence, 
the port B1 data register changes 
state every time there is a timer overflow. 
Clock 
frequency 
generated 
by this method 
is therefore 
half the overflow 
frequency 
of the selected 
timer. 
There 
is no fixed 
baud 
rate generation. 
The clock 
frequency 
is dependent 
on the 


prescaler clock source option, 
prescaler divide ratio, and timer divide ratio as well as the port 
C status in case of external 
clocking 
for the timer. 
Toggling 
of the port B1 data register 
is 
automatically 
allowed 
during 
the active transaction 
mode. 


7) For correct 
transfer 
of data between 
devices connected 
to the SPI, all devices must have 


their output 
data strobe 
and input 
data strobe 
on the same clock edges. 


8) For proper transmission, 
the first clock edge during the active transaction 
mode must be the 
output 
data strobe. 
When 
this occurs, 
the MSBs of the data registers of all transmitters 
are 
copied on to the data output 
pins (e.g., 
this is valid for devices with such output 
capability) 
and the MCU copies the MSB of its SPI on to the port B2 or B3 data register, 
according 
to 
SPICR3 status. 


On the opposite 
clock edge, all receivers internally 
generate 
the data input strobe and shift 
by one location 
the contents 
of the SPI data register. 
Data for the receivers is assumed to be 
stable 
on this clock 
edge. 
Hence, 
error-free 
master-slave 
type 
serial data transfer 
is ac- 
complished. 
It is therefore 
important 
that 
before 
a serial data transfe,r starts, 
the master 
clock level has to be initialized 
under program 
control 
so as to create an output 
data strobe 
on the initial 
SPI clock edge. 


NOTE 


If the initial clock edge is the input data strobe, 
the M SB of all receivers are lost, 
and transmitted 
MCU 
data will 
have a framing 
error. 
However, 
if a peripheral 


transmitter 
device (without 
the selective 
data output 
and input 
strobe 
feature) 
is 


transmitting 
data to the MCU, 
then, the first clock edge should generate 
the data 


input 
strobe 
for the MCU. 


9) The data direction 
registers of port B are always accessible during SPI operation. 
This is also 
true for data control 
registers of port B which 
control 
open-drain 
enables and the port B out- 
put toggle 
enables (DCR7 through 
DCR4). 
However, 
during 
SPI active transaction 
mode, 


the following 
data registers are not write 
accessible 
under program 
control: 


a) PB1 data register; 


b) PB2 data register 
if SPICR 3=0, 
and 


cl 
PB3 data register 
if SPICR 3= 1. 


This allows write 
instructions 
to port 
B lines not used for SPI operation 
during 
the active 


transaction 
mode without 
affecting 
the contents 
of data registers 
used for SPI. 


10) 
The toggle enable of the port B1 data register is asserted during the active transaction 
mode 
by the SPI logic. 
This starts 
the generation 
of SPI clock 
pulses if the MCU has the clock 
mastership. 
If the MCU 
is in the clock 
slave mode (DDR 
B1 =0), 
then an external 
device 


provides 
the clock 
pulses. 


II 


II 


11) 
Port B lines not used for SPI can be used for other digital functions, 
e.g.; a) in half-duplex 
or 


one-wire 
operation 
the unselected 
SPI data port may be used as I/O, 
and bl port BO may 
always 
be used as digital 
output 
in the modes 
where 
SPI operates 
without 
slave select 
input. 


In all operating 
modes of the SPI, it is implied that all data transmissions 
are sensitive 
to the clock 
edges. Depending 
on the state of SPICR5, data changes either as the result of the rising or falling 


edge of the clock 
SPICl. 


The clock level prior to the transition 
that causes data on the serial data line to be changed 
is called 
the "idle" 
level. It is assumed that data must be stable just prior to and during 
the idle level during 
transmission. 


Optional 
creation of an exception 
to this rule may be interpreted 
as additional 
information 
such as to 


1) signal the beginning 
of a transmission; 
2) to separate address and data fields and/ or 3) to syn- 
chronize 
transmitter 
and receivers. 


Negative 
transition 
of data input while the clock line (SPICL) is in its "idle" 
level is being defined 
as 
an exceptional 
condition 
on the MC6805S2 
SPI. This condition 
causes SPICR2 and SPICR5 to be 


set and is defined 
as the start condition. 


Refer to Figure 4-5 for clock 
idle level definition, 
to Figure 4-6 for the start bit definition, 
and to 
Figure 4-7 for stop bit definition. 
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In systems connected 
together 
on a serial bus without 
individual 
chip-selects 
for individual 
elements 
connected 
to this bus, serial transmission 
must convey not only data but the address of the receiver 


element 
to which 
data is sent. Since all transmissions 
are byte long, recognition 
of address from a 
data pattern is not possible unless the address can be distinguished 
from data by a start bit. In many 
standard 
accepted 
systems, 
an address field follows 
a start condition 
which 
is then followed 
by a 


number 
of data fields depending 
on the transaction 
relative to that address. 


Detection 
of this start condition 
sets SPICR2, hence at the end of an 8-bit transmission 
it is possible 


to check if the received 
byte corresponds 
to address or data fields. 
It must be emphasized 
that a 
start condition 
does not occur 
normally 
during 
the transmission 
but it is provoked 
by the trans- 


mitter, 
prior to address field transmission. 


Secondly, 
zero-to-one 
transition 
of SPICR2 caused by the start condition 
causes the divide-by-eight 
counter 
to be cleared, 
hence allows all receiver MCUs to be synched-up 
simultaneously. 


The third important 
consideration 
is the rate of occupation 
of the MCU in serving the information 
flow 
on the serial bus with 
respect 
to the background 
tasks. 


In case of high-speed 
transmissions 
(up to lOOK Baud) and heavy information 
flow not related to a 


given 
MCU 
on the serial data bus, 
it is possible, 
if no precaution 
is taken, 
that 
a non-selected 
receiver MCU has to analyze every field; data or address, to check for a particular 
address field that 
is of concern. 
This causes a very high interruption 
rate to service the SPI and leaves very little time 
for background 
tasks. 
In order to mask an undesirable 
data field transmission, 
that requires inter- 


rupt driven analysis, 
SPICR6 may be set and SPICR2 can be cleared after analyzing 
an invalid ad- 
dress field. Then, the MCU becomes 
immune 
to all SPI interrupt 
requests due to subsequent 
data 
fields. On the next start bit preceding 
a new message, 
SPICR2 is set which 
in turn causes SPICR? 
and SPICR6 to be cleared. 
The MCU is then ready to service an incoming 
new address field via 


interrupt. 


In applications 
where: 
1) only data patterns 
are transmitted 
or 2) the effect 
of the rising edge of 
SPICR2 having 
cleared 
SPICR6, 
SPICR?, 
and divide-by-eight 
counter 
needs to be inhibited, 
it is 
sufficient 
to set SPICR2 under program 
control 
before transmission. 
SPICR? and SPICR6 are not 
cleared by the software 
controlled 
setting 
of SPICR2. 
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Data arbitration 
occurs when two or more transmitters 
try to control a common data line. Refer to 


Figure 4-9 for data arbitration 
timing. 
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Bus ContentIon 


Starting 
Conditions 


1) The MCU has data mastership, 
i.e., port B2 or B3 are used for SPI data transfer and 


have their data direction 
registers in the output 
mode. 


2) SPICR3 is preset properly to output the SPI data on the selected data output port lPB2 
or PB31 


3) The SPI is in the active transaction 
mode. 


Arbitration 
Criterion 


The SPI data output 
line logic level on the pin is compared 
with 
contents 
of the data 
register of that line during the data input strobe. If the data register content is one while 
the SPI data output 
line logic level is zero then it is decided that an external devicelsl 
is 
(are) trying to control 
the data line. 


Action 


When 
the arbitration 
criteria are met, the mode fault flag (SPICR1) 
is set, the MCU loses 


data mastership 
and the SPI data output 
line DDR is cleared putting 
the line in the input 
mode. 


NOTE 


Complementary 
type of arbitration 
(i.e., 
output 
data line equals one; port 
data register 
equals zero) is not implemented 
and should 
not occur 
in the 


system as this will cause excessive dissipation 
on the port and may result in a 
catastrophic 
failure 
of the circuit. 


Clock arbitration 
is done in two ways: 
1) via the slave select input line and 2) via the serial peripheral 
interface 
clock 
line. Both types of arbitration 
may be used simultaneously 
in an application. 


4.11.1 
Clock Arbitration via Slave Select Input Line 


During serial peripheral 
interface 
transactions, 
port BOserves as the slave select input if port BO is in 
the input 
mode (ODR BO= Q). 


When 
the MCU has clock mastership, 
PBO should 
remain high. When an external 
device requests 


clock 
mastership 
this input 
is pulled 
low. The MCU loses clock 
mastership 
and switches 
to slave 


type operation, 
the clock line data direction 
register bit is cleared, (ODR B1 = Q), and the mode fault 
flag is set. 


This clock arbitration 
may happen during active or idle transaction 
modes (see 4.12 SLAVE SELECT 
INPUT 
OPERATION). 


4.11.2 
Clock Arbitration via Serial Peripheral Interface Clock Line 


This type of arbitration 
is enabled only when the MCU operates as clock master while the clock line 


output 
buffer 
works 
in the open-drain 
mode (OCR B5= 01. Unlike the clock arbitration 
described 
previously, 
the 
MCU 
does 
not 
lose clock 
mastership. 
The clock 
output 
data 
register 
status 
is 


monitored 
under 
control 
of the clock 
arbitration 
flip-flop 
to guarantee 
minimum 
clock 
high and 
clock low times on the clock line, in case two or more clock masters are trying 
to control 
the clock 
line simultaneously. 
Each clock 
master 
may be assumed 
to be asynchronous 
with 
respect 
to the 
other(s) 
and to run with different 
clock frequencies. 
When set, the clock arbitration 
flip-flop 
(CLAO) 
blocks the toggle 
enable of port B1 effectively 
inhibiting 
the port data register from changing 
state 


by toggling 
during 
the toggle 
pulse. 
Refer to Figure 4-10 for timing. 
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CLAO status is modified 
under the following 
conditions: 


a) CLAO is cleared when: 


1) SPICR4=OorDDR 
B1=1 
2) Toggle pulse is generated for port B1. 


b) CLAO is set when: 


1) A negative edge is detected on the SPI clock input if the port B1 data register is high. 
Simultaneously, 
the port B1 data register is cleared 
If this occurs in the idle mode, while 


the MCU is not ready for serial transmission, 
the mode fault flag (SPICR 1) is set as well. 


In this way, the MCU will keep the clock line low, effectively 
blocking all clock pulses on 


the clock line, and detecting 
that the clock line was driven low during the idle mode. If 


the MCU was set up as a transmitter, 
the clock edge occurring during the idle mode can- 


not generate an internal data output 
strobe. Hence, during subsequent serial transmis- 


sion receivers it would "miss" 
the MSB of the data transmitted 
from the MCU. Protocols 
can be set up to avoid, or recover from, this type of framing error. 


2) If the SPI clock line is still low 2 Y, machine cycles after the port B1 data register is set. 


the CLAO set command will remain active, as long as the SPI clock line remains low. The 
clock arbitration 
operation 
is explained in more detail in 4.13.3 Two-Wire 
Half Duplex 
Mode with Clock Arbitration. 


Slave select information 
is supplied to the MCU via port BOby an external device. If port BOis in the 


output 
mode then slave select actions are inhibited. 
If the slave select feature is not used in an ap- 


plication, 
port BO should be used in the output 
mode. 


Slave select input generates various actions depending on whether the SPI is operating in the clock 
master mode or clock slave mode. These are outlined 
in the following 
paragraphs. 


4.12.1 
Slave Select Input Actions 
During Master Mode 


In this mode, the slave select input is monitored 
to assure that it stays false (high). If slave select 
becomes true (low), 
the device immediately 
exits the master mode and becomes a slave lDDR 
B1= Q). The significance 
of this is that a collision 
has occurred; 
that is, two devices have both 
become or are willing to become masters. This is normally the result of a software error, although 
some systems may allow the default master to "knock 
all other masters off the bus" if an erroneous 


bus state is detected. This is a castastrophic 
event and it is the responsibility 
of the default master to 
completely 
"clean 
up" the system. Moreover, 
the mode fault flag is set to signal to the MCU that 
clock mastership is lost. These actions can take place during either active or idle transaction 
modes. 


Refer to Figure 4-11. 
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4.12.2 
Slave Select Input Actions During Slave Mode 


The slave select (SS) input is generated 
by the current clock master (parallel port may be used) and 
used to enable one of several possible slaves to accept and/or 
return data. The SS signal must be 
low prior to occurrence 
of serial clock pulses and must not become high until the eighth 
(last) serial 


clock cycle. A high level on SS forces serial data output 
to the high-impedance 
state without 
affect- 
ing the data direction 
register 
status 
relative to the data outPlJt. 
Also, 
when 
SS is high the serial 
clock 
input 
pulses 
(if any) are inhibited 
from. generating 
internal 
data 
output 
arm input 
strobe 
pulses, and also the eight-bit 
counter 
is cleared. 


The significance 
of this is that 
the slave select acts as a chip-enable 
line and the MCU 
receives 
and/or 
is allowed 
to transmit 
back information 
only when 
SS is pulled 
low by the current 
clock 
master. Individual 
lines must be used from the master for each slave select input. A single line is suf- 


ficient 
in the case of daisy chain or cascade connection 
of multiple 
slaves. Refer to Figure 4-12. 
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4.13 
SPI OPERATING 
MODES 


A brief description 
of the serial peripheral interface (SPI) operating 
modes is contained 
in the follow- 
ing paragraphs. 


-4.13.1 
One-Wire 
- 
Autoclocked 
Mode 


In this mode, various circuits 
are connected 
to each other via a single wire one which 
data transfer 
takes place. The clock is implicit 
during 
transmission 
and each circuit 
is its own clock master. 
The 


MCU should 
be initialized 
as clock 
master 
and port 
81 is not connected 
externally. 
In order 
to 
achieve the precise timing 
required for this transmission 
it may be useful to start the active transac- 


tion mode with an interrupt. 
Hence, the data input/ output 
line can be connected 
on the MCU to the 


INT2 line. 


With the assistance of software 
to generate the start bit and stop bits, and swap the order of bits in 
the data, NRZ-type 
serial transmission 
compatible 
with 
MC6801 can be achieved in this mode. (See 


Figures 4-13 and 4-14.) Unused 
SPI data port 82 or 83 may be used as a normal input/output. 
Port 
80 may be used only as an output. 
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4.13.2 
Two-Wire 
Half-Duplex 
Mode 


In this mode. 
the data and clock 
lines are connected 
between 
various 
circuits 
in the system. 
Data 
and clock 
mastership 
should 
be monitored 
via protocol 
included 
in the data patterns 
transmitted 
between 
circuits. 
Moreover, 
data arbitration 
is possible on the MCU data line. Any transmitter 
can 
"knock 
out" 
all others 
by transmitting 
all zeros. 


4.13.3 
Two-Wire 
Half-Duplex 
Mode with 
Clock Arbitration 


In this mode, the MCU is assumed to operate as a clock master with an open-drain 
SPI clock output 
buffer. 
Clock 
and data arbitration 
is accomplished 
as explained 
in 4.11 CLOCK 
ARBITRATION. 


More than one clock 
master (and transmitter) 
is allowed 
at the same time in this mode. 


An interesting 
protocol 
occurs when the clock lines of all masters operate with open-drain 
outputs. 
If no master other than the MCU is operating 
on the clock line, then the clock arbitration 
flip-flop 
(CLAO) is never set and every toggle 
pulse creates an edge on the SPI clock line (SPICL). 
This is the 
normal 
mode of operation. 


However, 
if an external 
master pulls the SPI clock line low, the MCU sets CLAO to inhibit 
the next 
timer 
overflow 
from 
generating 
a toggle 
pulse on the 
SPI clock 
port. 
The SPI clock 
port 
data 
register is also cleared. At the next timer overflow, 
CLAO is reset and the SPI clock port is allowed 
to toggle 
during 
future 
timer overflows. 
In the meantime, 
other master clock outputs 
may go high. 


However, 
the SPI clock 
line is held low by the MCU 
until 
a low-to-high 
transition 
occurs 
on its 
SPICL 
data register 
line. (In wire-or 
configuration, 
any master with 
a low output 
imposes 
a low 
clock 
line on the total system.) 


This mechanism 
guarantees 
that in case of clock arbitration 
(a process which 
is asynchronous 
to 
the timer overflows) 
the SPI clock 
low time is not shorter 
than one toggle 
period. 
Hence, 
narrow 
negative glitches 
are avoided on the clock line. Some devices in the system may be operated 
totally 
under software 
control 
by using polling techniques. 
Polling is generally much slower than hardwired 
logic. 
Potential 
appearance 
of narrow 
glitches 
could 
cause castastrophic 
system 
faults, 
as some 
devices in the system 
might 
respond 
to them and some might 
not. 


The clock arbitration 
flip-flop 
is also set when the SPICL data register toggles high while an external 
master keeps the SPI clock line low after two and one-half 
machine cycles. CLAO remains set until 
the SPICL 
line returns 
to a high state. 
At the next timer 
overflow, 
CLAO 
is reset. 
Future 
timer 
overflows 
will be allowed 
to toggle 
the SPICL data register 
to the low state. 


This mechanism 
guarantees 
that in case of a clock arbitration 
situation, 
the SPI clock high time is 
not shorter 
than one toggle 
period. 
This avoids narrow 
positive 
glitches. 
The same comments 
are 


applicable 
to positive 
glitches 
with 
regard to system 
performance. 


In such a system, 
the longest 
clock low time is imposed 
by the clock master with the longest 
clock 
low time. 
The shortest 
high time is determined 
by the device with 
the shortest 
high clock 
time. 


4.13.4 
Three-Wire 
Half-Duplex 
Mode with 
Slave Select 
Input 


This mode is similar to the two-wire 
half-duplex 
mode except that the slave select input provides the 
possibility 
of using the MCU as a peripheral 
circuit 
in a system (or in systems) 
where clock master- 


ship may be passed through 
the slave select line. 
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A typical 
method 
of doing this is to wire the slave select lines together. 
The current 
master puts its 
slave select line (SPISS) 
in the output 
mode prior to a serial transmission 
and pulls the SPISS line 


low signifying 
that the system is busy. In this way, the clock master will keep its mastership 
until the 
end of the transmission. 
Software 
protocol 
can be arranged such that slaves do not request master- 
ship until 
their 
SPISS 
lines go high. 
At the end of a transmission, 
the current 
master 
pulls the 
SPISS line high and puts its SPISS port (PBOl in the input mode. A slave requesting 
clock master- 
ship can now pull the SPISS line low, "knocking 
out" 
the current 
master. 
To avoid simultaneous 
mastership 
requests, 
time multiplexed 
protocols 
may be required 


4,13,5 
Three-Wire 
Full-Duplex 
Mode 


In this mode, the MCU can operate as a transmitter 
and receiver at the same time. 
Bus oriented 
or 
daisy chain type networks 
are feasible. 
Protocols 
included 
in the data stream are required to change 
the clock 
masters, 
number 
of transmitters 
in the system, 
or the direction 
of information 
flow 
in 
daisy chained systems with "collision." 
In this mode, it is possible for the MCU to shift out one byte 
while receiving another. 
This removes the need for XMIT EMPTY or REC FULL status bits. Refer to 


Figure 4-15. 
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4,13.6 
Three-Wire 
Full-Duplex 
Mode with 
Clock Arbitration 


This mode is a mix of the three-wire 
full-duplex 
mode and the two-wire 
half-duplex 
mode with clock 
arbitration, 
where 
the SPI clock 
line operates 
in a wire-or 
fashion 
in the system. 
Simultaneous 
masters are allowed 
and clock arbitration 
is accomplished 
via the clock line. 


4.13,7 
Four-Wire 
Full-Duplex 
Mode with 
Slave-Select 
Input 


This mode is similar to the three-wire 
full-duplex 
mode with regard to network 
and to the three-wire 
half-duplex 
mode with slave-select 
input in respect to clock arbitration 
and slave selection. 
Refer to 
Figure 4-16. 
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SECTION 5 
SELF-CHECK, 
RESETS, CLOCK GENERATOR 
OPTIONS, 


AND INTERRUPTS 


The self-check 
capability 
of the MC6805S2 MCU provides an internal check to determine 
if the part 
is functional. 
Connect 
the MCU as shown 
in Figure 5-1 an'd monitor 
the output 
of port C bit a for an 
oscillation 
of approximately 
7 Hz. A 9-volt 
level on PCO, pin 2, detected 
as the device under test 
comes out of reset, energizes the ROM-based 
self-check 
feature. 
The self-check 
program 
exercises 
the CPU, RAM, 
ROM, A/D, 
timers, 
interrupts, 
I/O ports, 
and auxiliary 
counter. 


28 
+9V 
27 


vCC 
PC1 


3 
26 


25 


24 


RESET 


6 
23 
PA7 
22 
AN2 
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8 
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AN1 
PA5 
9 
20 
ANO 
PM 


10 
19 
PBO 
PA3 
11 
18 


PBl 
PA2 


12 
17 
PB2 
PAl 


13 
16 


PB3 
PAO 
14 
15 


R1 =6 
kG 
R2=3 
kG 
R3= 200 G 
R4 = 390 G 
Cl=22 
pF 
C2= 1 ~F 
C3=0.1 
~F 


Several of the self-check 
subroutines 
can be called by a user program 
with 
a JSR or BSR instruc- 


tion. They are the RAM, 
ROM, and 4-channel AI D tests. The timer routine 
may also be called if the 


timer input 
is the internal 
phase two 
clock. 


5.1.1 
RAM 
Self-Check 
Subroutine 


The RAM self-check 
is called at location 
$F39 and returns with the Z bit clear if any error is detected; 
otherwise. 
the Z bit is set. The walking 
diagnostic 
pattern 
method 
is used. 


The RAM test must be called with the stack pointer at $07F. When 
run, the test checks every RAM 
cell except 
for $07F and $07E which 
are assumed 
to contain 
the return 
address. 


5.1.2 
ROM Checksum 
Subroutine 


The ROM self-check 
is called at location 
$F54 and returns with 
the Z bit cleared 
if any error was 
found; 
otherwise 
Z = 1, X = 0 on return. 
and A = 0 if the test passed. RAM locations 
$040-$043 are 
overwritten. 


5.1.3 
Analog-to-Digital 
Converter 
Self-Check 


The AID 
self-check 
is called at location 
$F6E and returns 
with 
the Z bit cleared 
if any error was 
found; 
otherwise 
Z = 1. 


The A and X register contents 
are lost. The X register must be set to four before the call. On return, 
X =8 and AI D channel 7 is selected. 
The AI D test uses the internal voltage 
references and confirms 


port connections. 


5.1.4 
Timer 
Self-Check 
Subroutine 


The timer self-check 
is called at location 
$F99 and returns 
with 
the Z bit cleared 
if any error was 


found; 
otherwise 
Z= 1. 


In order 
to work 
correctly 
as a user subroutine, 
the internal 
phase two 
clock 
must 
be the clock 
source and interrupts 
must be disabled. 
Also, on exit, the clock is running 
and the interrupt 
mask is 


not set so the caller must protect 
from 
interrupts 
if necessary. 


The A and X register 
contents 
are lost. The timer self-check 
routine 
counts 
how 
many times the 
clock counts 
in 128 cycles. The number of counts should be a power of two since the prescaler (1) is 


a power of two. 
If not, the timer probably 
is not counting 
correctly. 
The routine also detects if timer 
A is not running. 


• 


5.2 
RESETS 


The MCU can be reset four ways: 
by initial 
power 
up, by the external 
reset input 
(RESET), 
by a 
forced 
reset generated 
by a timeout 
of the MCUs auxiliary 
or "watchdog" 
counter, 
and by an op- 
tional 
internal 
low voltage 
detect 
circuit. 
The RESET input 
consists 
mainly 
of a Schmitt 
trigger 
which 
senses the RESET line logic level. A typical 
reset Schmitt 
trigger 
hysteresis curve is shown 
in 
Figure 5-2. The Schmitt 
trigger 
provides 
an internal 
reset voltage 
if it senses a logic zero on the 
RESET pin. Refer to the reset circuit 
in Figure 5-3 and to Figure 5-9, under 5.4 INTERRUPTS, 
for 
the complete 
reset sequence. 


Out 
Of 


Reset 


, 


O.8V 
2'V 


VIRES- 


220 kO 


Typ. 
23 
RESET 


5.2.1 
Power-On Reset (POR) 


An internal reset is generated upon power up that allows the internal clock generator to stabilize. A 
delay of tRHL milliseconds 
is required before allowing 
the RESET input to go high. Refer to the 


power and reset timing diagram of Figure 5-4. Connecting 
a capacitor to the RESET input (as il- 


lustrated 
in Figure 5-5) typically 
provides sufficient 
delay. During power up, the Schmitt 
trigger 
switches on (removes reset) when the RESET rises to VIRES +. 


Part Of 
MC6805S2 
MCU 


5.2.2 
External Reset Input 


The MCU will be reset if a logic zero is applied to the RESET input for a period longer than one 
machine cycle (tcyc). Under this type of reset, the Schmitt trigger switches off at VIRES - 
to pro- 


vide an internal reset voltage. 


5.2.3 
Low Voltage Inhibit (LVI) 


The optional low-voltage 
detection 
circuit causes a reset of the MCU if the power supply voltage 


falls below a certain level (VLVI). The only requirement is that VCC remains at or below the VLVI 
threshold for one tcyc minimum. 
In typical applications, 
the VCC bus filter capacitor will eliminate 


negative-going 
voltage glitches of less than one tcyc. The output from the low-voltage 
detector is 


connected 
directly 
to the internal reset circuitry. 
It also forces the RESET pin low via a strong 
discharge device through 
a resistor. The internal reset will be removed once the power supply 


voltage rises above a recovery level (VLVR), at which time a normal power-on-reset 
occurs. 


• 
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5.2.4 
Forced Reset 


If the auxiliary 
counter 
reset mask bit in the miscellaneous 
counter 
(MR4) is clear and the auxiliary 
counter 
status bit (MR5) is set, as a result of counter 
overflow, 
a switch 
to VSS is turned on, pulling 
the RESET pin low. A consequent 
voltage 
drop below VIRES- 
on RESET causes an MCU reset, 


which 
in turn sets MR4. Switching 
to VSS when the RESET pin is turned off allows voltage 
to rise 
above VIRES +, after which 
the MCU reset is released. 


RESET pin voltage 
variations 
occurring 
as a result of forced 
reset may be amplified 
externally 
in 
order to provide a reset to other peripheral circuits 
in the system. 
The reset output 
from the MCU is 
not TTL compatible. 


5.2.5 
Reset Initialization 


The minimum 
low time for all four modes of reset is one tcyc + 250 nanoseconds 
(tcyc= 
oscillator 
frequency 
divided 
by four). 
When 
reset is detected, 
the MCU initialization 
takes place. The follow- 
ing are the actions 
taken on the internal 
circuitry: 


al FF 
blFFFF 
cl7F 
dl7FFF 


e) 50 
fl 50 
g) 50 
hl07 


Timer A Modulus 
Latch and Timer A 
Timer 
B 
Prescaler 
1 
Prescaler 2 
Timer A Control 
Register 
Timer 
B Control 
Register 
Miscellaneous 
Register 
A/D 
Status 
Control 
Register 


Serial Peripheral 
Interface 
Control 
Register 
Port A Data Direction 
Registe( 
Port C Data Direction 
Register' 
Port B Data Control 
Register' 
Interrupt 
(Mask 
Bit I in 
Condition 
Code Register) 
Stack 
Pointer 
Program 
Counter 


j) 00 


k) 
FC 
I) 
FO 
m)l 


n) 7F 


0) FFE 


The internal 
clock generator 
circuit 
is designed 
to require a minimum 
of external 
components. 
A 
crystal, 
a resistor, 
a jumper 
wire, 
or an external 
signal may be used to control 
the internal 
clock 
generator 
with various stability/cost 
tradeoffs. 
A manufacturing 
mask option 
is used to select the 
crystal or resistor option. 
The oscillator 
frequency 
is internally 
divided 
by four to produce 
the inter- 
nal system clocks. 


The different 
connection 
methods are shown in Figure 5-6. The crystal specifications 
and suggested 
PC board layout are given in Figure 5-7. A resistor selection 
graph is shown 
in Figure 5-8. 


The crystal 
oscillator 
start-up 
time is a function 
of many variables: 
crystal 
parameters 
(especially 
RSl, oscillator 
load capacitance, 
IC parameters, 
ambient 
temperatures, 
arid supply oscillator 
start- 
up. Neither the crystal characteristics 
nor the load capacitances 
should exceed recommendations. 


When 
utilizing 
the 
on-board 
oscillator, 
the 
MCU 
should 
remain 
in a reset condition 
(reset 
pin 
voltage 
below VIRES +) 
until the oscillator 
has stabilized 
at its operating 
frequency. 
Several factors 


are involved 
in calculating 
the 
external 
reset 
capacitor 
required 
to satisfy 
this 
condition: 
the 


oscillator 
start-up 
voltage, 
the oscillator 
stabilization 
time, 
the minimum 
VIRES +, 
and the reset 


charging 
current 
specification. 


Once VCC minimum 
is reached, 
the external 
RESET capacitor 
will begin to charge at a rate depen- 


dent on the capacitor 
value. The charging 
current 
is supplied 
from VCC through 
a large resistor, so 


it appears 
almost 
like a constant 
current 
source 
until 
the 
reset voltage 
rises above 
VIRES+. 


Therefore, 
the RESET pin will charge at approximately: 


(VIRES + )eCext= 
IRESetRHL 


Assuming 
the external 
capacitor 
is initially 
discharged. 


MC6805S2 


EXTAL 
MCU 
(Crystal 
Mask 
Option) 


MC6805S2 
27 
EXTAL 
MCU 
(Resistor 
Mask 
CL I 
Option) 


Approximately 
25% 
to 50% 
Accuracy 


Typical 
tcyc = ,. 25 ~s 
External 
Jumper 


External 
Clock 
Input 


ITTL 
Compatible, 


Low Impedance 
Source) 


MC6805S2 
MCU 
Either Crystal 
or RC Mask 
Option 


MC6805S2 


. MCU 


(Resistor 
Mask 
EXTAL 
Optionl 


Approximately 
10% to 25% Accuracy 


External 
Resistor 
(Excludes 
Resistor 
Tolerancel 


NOTE: 


The recommended 
CL value with a 4.0 MHz crystal is 27 pF, maximum, 
including system distributed capacitance. 
For crystal fre- 
quencies 
other than 4 MHz. 
the total capacitance 
on each pin should be scaled as the inverse of the frequency 
ratio. 
For example. 
with 
2 MHz 
crystal, 
use approximately 
50 pF on EXTAL 
and approximately 
50 pF on XTAL 
The exact value depends 
on the MotIonal-Arm 
parameters of the crystal used. 


• 
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Figure 5-7. Crystal Motional Arm Parameters and 
Suggested PC Board Layout 
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The MC6805S2 MCU can be interrupted 
seven different ways: at reset, through 
the external inter- 


rupt (INT1) input pin, the internal timer leither A or B) interrupt 
request, the SPI interrupt 
request, 


the external port D bit 6 IINT2) input pin, and a software 
interrupt 
instruction 
(SWIl. 


The reset interrupt has priority over all other interrupts and is not maskable. It is serviced immediate- 
ly at its occurrence independent of the instruction 
being executed (see 5.2 RESETS). All other inter- 


rupts are maskable and do not cause the current instruction 
execution 
to be halted, but are con- 


sidered pending until the current instruction 
execution 
is complete. 
Pending INT1, INT2, timer A, 


timer B, or SPI interrupts 
are acknowledged 
by the MCU only if the I bit in the condition 
code 


register is clear. 


When any interrupt 
(except reset) is acknowledged, 
processing is suspended following 
completion 


of the current 
instruction 
being executed, 
the present MCU state is pushed onto the stack, the 


interrupt 
bit II bit) in the condition 
code register is set, the address of the interrupt 
routine is obtain- 


ed from the appropriate 
interrupt vector address, and the interrupt routine is executed. Stacking the 


CPU registers, setting the I bit, and vector fetching 
requires a total of 11 tcyc periods for comple- 


tion. Note that interrupts which are masked are latched internally for later interrupt service once the 
mask bit(s) is (are) cleared. Refer to Figure 5-9 for a flowchart. 
The interrupt 
service routine must 
end with a return from interrupt 
(RTIl instruction 
which allows the MCU to resume processing of 


the program 
prior to the interrupt. 


Table 5-1 provides a listing of the interrupts, 
their priority, and the address of the vector which con- 


tains the starting address of the appropriate 
interrupt service routine. This priority applies to those 


interrupts 
pending when the CPU is ready to accept an interrupt. 
In addition, 
each of these inter- 


rupts, except INT1, have a separate mask bit which must also be cleared, in addition to the I bit, for 
the MCU to acknowledge 
the interrupt. 
Specifically, 
the INT2, timer A, timer B, and SPI interrupts 


each have their own 
independent 
mask bits contained 
in MR6, TACR6, 
TBCR6, 
and SPICR6, 


respectively. 


NOTE 


The timer A, timer B, INT2, and SPI interrupts share the same vector address. The inter- 
rupt routine 
must determine 
the source of the interrupt 
by examining 
the interrupt 
re- 


quest bits, namely TACR7, TBCR7, MR7, and SPICR7. These bits are not automatically 
cleared following 
interrupt servicing and must be cleared via software. 
The INTl interrupt 


has its own unique vector address. Therefore, the INTl 
interrupt 
request is cleared auto- 


matically when the INTl 
vector is serviced. 


Interrupt 
Priority 
Vector Address 


RESET 
1 
SFFE and SFFF 
SWI 
2" 
SFFC and SFFD 
INTl 
3 
SFFA and SFFB 
TIMER/INT2/SPI 
4 
SFFB and SFF9 


* Priority 2 applies when the I bit in the condition code register is set. 


When 
1=0. 
SWI 
has a prlority of four (like any other instructionl. 


The priority of INTl 
thus becomes two and the T1MEAIINT2/ 
SPI 


becomes three. 


• 
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1-llin 
CCRI 
07F-SP 
40- 
SPICR 
FFFF - 
Timer B 
7FFF - 
Prescaler 2 
FO-OCRB 
50-TBCR 
FC= OORC 
O-OORA 
CLR INT Logic 
FF-Timer 
A 
7F - 
Prescaler 
1 
5Q-TACR 
5Q-MR 
07-ACSR 


Load PC 
from 
FFE/FFF 


Clear 
INTl 
INT1 


Request 
Latch 


Load PC From: 
SWI: 
FFC/FFO 
INT: FFAlFFB 


TIMER A, TIMER B, 


SPI or INT2 
FF8/FF9 


Execute All 
Instruction 


Cycles 


* MR7*MR6+ 
TACR7*TACR6+ 
TBCR7*TBCR6+ 
SPICR7*SPICR6 


IINT21 
IT,mer AI 
ITimer BI 
ISPII 


A software 
interrupt 
(SWIl 
is an executable 
instruction 
which 
is executed 
regardless of the state of 
the I bit in the condition 
code register. 
SWls 
are usually used as breakpoints 
for debugging 
or as 
system 
calls. 


The external 
interrupts, 
INTl 
and INT2, are latched and/ or sensed on the falling edge of the input 


signal. 
Timer A and B interrupt 
request 
bits are set when 
these timers 
make transition 
to $00 and 


$סס OO, respectively. 


A sinusoidal 
input 
signal (fINT 
maximum) 
can be used to operate 
an external 
interrupt 
(INTll, 
as 


shown 
in Figure 5-10, for use as a zero-crossing 
detector 
with 
hysteresis 
included. 
An interrupt 
re- 


quest is generated 
for each negative-slope 
zero crossing 
of the ac signal. 
This allows applications 
such as servicing 
time-of-day 
routines 
and engaging/disengaging 
ac power 
control 
devices. 
Off- 


chip full wave rectification 
provides an interrupt 
at every zero crossing 
of the ac signal and thereby 
provides 
a 2f clock. 


-5° I 
I 
zeD Interrupt 
I 


Detect~d Within I 
: 


This Window 
__ 
~ 
~~ 


For digital applications, 
INT1 can be driven directly 
by a digital signal. The maximum 
frequency 
of a 
signal 
that 
can be recognized 
by the timer 
and 
INT1 pin logic 
is dependent 
on the parameters 


labeled tWL 
and tWH. 
The pin logic that 
recognizes 
the high (or low) state on the pin must also 
recognize 
the low (or high) state on the pin, in order to re-arm the internal 
logic. 
Therefore, 
the 
period can be calculated 
as follows: 
(assumes 50/50 
duty cycle for a given period) 


tcyc x 2 + 250 ns = period =f_1- 
req 


The period is not simply tWL, 
tWH. 
This computation 
is allowable, 
but it does reduce the maximum 
allowable 
frequency 
by defining 
an unnecessarily 
longer period (250 ns twice). 
See Figure 5-11. For 
the INT1 function, 
the maximum 
allowable 
frequency 
is also determined 
by the software 
response 
of the INT1 service routine. 


TTL 
Level 
Digital 
Input 


lJ 
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SECTION 6 
INPUT/OUTPUT 
PORTS AND ANALOG-TO-DIGITAL 
CONVERTERS 


This section describes the input/ output 
pins, the port data registers, thiJ miscellaneous 
register, 


and the analog-to-digital 
converter. 


6.1 
INPUT/OUTPUT 


There are 14 input or input/ output pins. The INT1 pin may also be polled with branch instructions 
to 
provide an additional 
input pin. All pins on ports A, B, and C are programmable 
as either inputs or 
outputs 
under software control of the corresponding 
data direction 
registers !DDRsl. 
The port I/O 
programming 
is accomplished 
by setting the corresponding 
bit in the port DDR to a logic one for 
output or a logic zero for input. On reset all the DDRs are initialized to a logic zero state, placing the 
ports 
in the input 
mode. 
The port 
output 
registers are not initialized 
on reset and should 
be 
initialized by software 
before changing the DDRs from input to output. 
When programmed 
as out- 


puts, all I/O pins read latched output 
data, regardless of the logic levels at the output 
pin due to 
output 
loading; refer to Figure 6-1 and Table 6-1. 


CAUTION 


The port data registers are not initialized during reset. The contents 
of these registers 
should be written 
to a known state for any port pins that are expected to become out- 


puts. This will avoid any spurious transitions 
before initializing 
the corresponding 
DDR 
bits to the output 
mode. 


Data 


Direction 
Register 


Bit* 


Latched 
Output 
Data 
B,' 


Data 
Direction 
Output 
Input 


Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 


1 
1 
1 
1 
0 
X 
High-Z* * 
P,n 


·OOR 
is a write-only 
register 
and reads as all "'5". 
*. Ports A lwith CMOS 
drive disabled), 
8. and C are three-state 


ports. Port A has optional internal pullup devices to provide CMOS 
drive capability. 
See Electrical Characteristics 
tables for complete 
information. 


Input 
Output 


Name 
Number 
Input 
Output 
TIL 
Special 
TIL 
CMOS 
Comment 


Port A 
8 
Yes 
Yes 
" 
" 
* (a) 
a: If Pull-Up 
Option 


Port B 
4 
Yes 
Yes 
"Ibl 
*Ial 
a: 10 mA Sink; Current limIted 
Source. 
PB l-PB3 
LED 
can be programmed to open-drain configuration 


Drive 
v,a PB DCA. 


b: 
Hi-Z Input 


Port C 
21bl 
Yes 
Yes 
"Ial 
" 
a: Hi-Z Input 
b: 
Shared with EXT Timer Inputs 


Port 0 
71al 
Yes 
No 
" 
a: 
P05 and P04 
Share a 15 kilohm 
resistor 
Itvpl 


INn 
1 
Yes 
No 
* 
Bill 
BIH Instruction 


All input/output 
lines are TTL compatible 
as both inputs and outputs. 
Port A lines are CMOS com- 
patible 
as outputs 
using a mask option. 
Ports 81, 
82, and 83 can be software 
programmed 
to 
operate as open-drain 
outputs. 
Port 8, C, and D lines are CMOS compatible 
as inputs. 
When 
pro- 


grammed 
as outputs, 
port 
8 is capable 
of sinking 
10 milliamperes 
and sourcing 
1 milliampere 
on 
each pin (TTL output 
state!. 
Port D lines are input 
only; 
thus, 
there is no corresponding 
DDR. 


Port D provides 
the multiplexed 
analog inputs, 
reference 
voltages, 
and INT2. All of these lines are 


shared with the port D digital inputs. 
PDO-PD3 may always be used as digital inputs and may also be 


used as analog inputs. 
The VRL and VRH lines (PD4 and PD5) are internally 
connected 
by the A/D 
resistor. 
Analog 
inputs 
may be prescaled 
to attain 
the VRL and VRH recommended 
input voltage 


range. 


Figure 6-2 provides 
some examples 
of port connections. 
The address map in Figure 2-1 gives the 


addresses 
of data registers 
and DDRs_ 


CAUTION 


The corresponding 
DDRs for ports A, 8, and C are write-only 
registers 
(locations 
$004, 


$005, and $006). A read operation 
on these registers 
reads as all ones. Since 8SET and 


8CLR 
are read-modify-write 
functions, 
they cannot 
be used to set a DDR bit (all unaf- 


fected bits would 
be set). It is recommended 
that all DDR bits in a port be written 
using a 


single-store 
instruction. 


The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to a port writes 
all of its 


data bits even though 
the port DDR is set to input. 
This may be used to initialize the data registers 
and avoid undefined 
outputs. 
However, 
care must be exercised 
when 
using read-modify-write 
in- 


structions 
since the data read corresponds 
to the pin level if the DDR is an input 
(zero) and cor- 


responds 
to the latched 
output 
data when 
the DDR is an output 
(one). 


I 


I 


PA7 
22 
(CMOS 
Loadsl 


PA6 
21 


PA5 
20 


PA4 
19 
11 TlL 
Loadl 
- 


PA3 
18 
16 
mA 


PA2 
17 


PAl 
16 
Port 
A, 
bit 7 programmed 
as output. 
driving 
CMOS 
PM 
15 
loads and 
bit 4 one Tll 
load directly 
(using 
CMOS 


output 
option). 


.-.lOmA 


Port 
B, bit 0 and bit 1 programmed 
as output. 
drivIng 


LEOs 
directly 


PA7 


PA6 


PA5 


19 
PA4 


18 
PAJ 


17 
PA2 


PAl 


PAO 


tlO= 
HFEejb 


PB3 
14 
-'b 
PB2 
13 
10 
mA 


PBl 
12 


2N6386 
PBO 
11 
(Typical) 


CMOS 


Inverter 


MC140491 
14069 
(Typical) 


Port e, bits 1-3. programmed 
as open-drain 
outputs, 
driving 
CMOS 
loads 
using 
external 
pull-up 
resistors 


MC74LS04 
0' M~C14069 
!Typical) 
: 
14 
PB4 


: 
13 
PB2 


: 
12 
PSl 


11 
PBa 


ANO 


ANl 
PD11ANl 


AN2 
PD2/AN2 


AN3 
PD3/AN3 


VAL 


VAH 


PD6/iNTI 


Port B1 and BO data registers have toggle 
capability 
at the timer overflow 
times. Under the control 
of the timer output 
cross-couple 
bit in the miscellaneous 
register, 
(MROl, the overflow 
pulses from 
timer A and timer 
B are directed 
to port B1 and BO data registers. 
(See Figures 6-3 and 6-4.) 


An incoming 
toggle 
pulse on port 
BO is allowed 
to toggle 
the data register 
if port 
B OCR bit 4 
(DCR4l 
is cleared. At reset this bit is set. An incoming 
toggle 
pulse on port B1 is allowed 
to toggle 
the port 
B1 data register 
under 
the following 
conditions 
governed 
by control 
bits in SPI control 
register and SPI clock arbitration 
flip-flop 
status. 


PB1 toggle 
enable= 
(SPICR7.SPICR4·WBO+ 
DDRBO) + SPICR2.SPICR4l·CLAO 
where: 
SPICR7= 
SPI interrupt 
request flag bit, 
SPICR4= 
SPI transaction 
enable bit, 
SPICR2= 
port B 1 toggle 
enable bit, and 
CLAO = clock arbitration 
flip-flop 
output. 


When 
PB1 toggle 
enable is asserted, 
MCU write 
to PB1 data register is inhibited. 
When 
SPI is not 
used, 
SPICR4 
and CLAO 
are reset. 
Therefore, 
SPICR2 
can directly 
control 
the port 
B1 toggle 
capability. 
(See 4.6 SERIAL PERIPHERAL 
INTERFACE 
OPERATION.) 
• 


• 


* Toggle 
Enable 81 = ISPICR7*SPICR4*IP80+ 
DDR801J*SPICR2oSPICR410CLAQ 
* * A, or B Depends on IMROJ 
x Write Only Register 


DCR7 
- 
PB3 Output 
Buffer 
Open Drain Enable 
DCR6 
- 
PB2 Output 
Buffer 
Open Drain Enable 
DCR5 
- 
PBl 
Output 
Buffer 
Open Drain Enable 


DCR4 
- 
PBO Toggle 
Enable 


DDR3 
- 
PB3 Output 
Mode 
DDR2 
- 
PB2 Output 
Mode 
DDRl 
- 
PBt 
Output 
Mode 


DDRO - 
PBO Output 
Mode 


Port toggle 
capability 
allows 
action 
on port 
BO or B1 or both as a result of timer overflows. 
This 
speeds up timer overflow 
to port service, compared 
to the normal program 
controlled 
method, 
and 


is very useful in critical 
real-time 
related applications. 


Toggle capability 
on port B1 is fundamental 
for SPI operation 
in the clock master mode, where the 
clock pulses are generated 
by the MCU using this feature as controlled 
by one of the two available 
timers. 


A write to port BOor B1 data registers is inhibited 
while the individual 
port toggle enable is asserted. 


This allows 
a write 
to other 
port 
B data registers 
without 
disturbing 
the toggle 
feature 
of the 
selected 
port line. 


The port 
B data control 
register 
consists 
of four status 
bits mCR7 
through 
OCR4) and four data 
direction 
bits (OCR3 through 
OCROI. OCR7, OCR6, and OCR5 are respectively 
port B3, B2, and B1 
open-drain 
output 
control 
bits. These bits are set at reset or under 
program 
control 
and cleared 
under program 
control. 
When 
clear, the port output 
buffers 
operate in the open-drain 
mode, if the 
port lines are ·in the output 
mode. When set, the port output 
buffers operate in the push-pull 
mode. 


OCR4 is a toggle enable control 
bit for port BO. This bit is set at reset or under program 
control 
and 
cleared under program 
control. 
When cleared, the timer overflow 
pulse causes the data register on 
port BO to toggle. 


When 
PBO toggle 
enable 
is asserted 
by clearing 
OCR4, 
MCU 
write 
to the 
PBO data register 
is 


inhibited. 


OCR3, 
OCR2, 
OCR1, 
and 
OCRO are respectively 
the 
port 
B3, 
B2, 
B1, and 
BO data 
direction 


registers. 


Port A has an 8-bit and port C has a 2-bit wide data direction 
register. 
All bits are cleared at reset to 
the input 
mode. 
These registers 
are write 
only; 
they read as $FF. 


• 


• 


The miscellaneous 
register (shown 
below), 
at memory 
location 
$OA, contains 
control 
and status in- 
formation 
related to INT2, auxiliary 
counter, 
prescaler 
1 and 2, and timer overflow. 


MR7 
INT2 Interrupt 
Request 
Bit 
This bit is set when a negative edge is detected 
on INT2 pin. If not masked by INT2 inter- 
rupt mask bit, (MR6) it causes an interrupt 
request to the MCU. If the I bit in the condition 
code register is clear, the MCU will acknowledge 
interrupt 
by executing 
the interrupt 
pro- 
cedure. 
The interrupt 
vector 
is fetched 
from address $FF8 and $FF9. This bit is cleared 
under program 
control 
or at reset. 


INT2 Interrupt 
Request 
Mask 
This bit is set at reset or under program 
control. 
When 
set, it inhibits 
the INT2 interrupt 
request 
from 
being acknowledged 
by the MCU. 
MR6 is cleared 
under program 
control. 


MR5 
Auxiliary 
Counter 
Status/ 
Preset Bit 
This bit is set whenever 
the auxiliary counter 
overflows. 
If it is not masked by the auxiliary 
counter 
reset mask MR4, it will drive a switch 
to VSS on the RESET pin causing an MCU 
reset. 
This bit is cleared 
at reset or under 
program 
control. 
MR5 may be used as an 
auxiliary 
counter 
preset bit. If M R5 is clear it is possible to preset the auxiliary 
counter 
by 
writing 
a logic one to MR5. 
If MR5 is set (i.e., 
the auxiliary 
counter 
has already 
over- 
flowed 
at least once) 
a logic zero written 
to MR5 clears the MR5 bit and presets 
the 
auxiliary 
counter. 
MR5 is cleared at reset. Refer to Figure 3-7 for auxiliary 
counter 
timing 
information. 


MR4 
Auxiliary 
Counter 
Reset Mask Bit 
This bit is set at reset or under 
program 
control. 
When 
set, it inhibits 
activation 
of the 
reset switch 
controlled 
by MR5 on the RESET pin. MR4 is cleared under program 
control. 


MR3 
Prescaler 1 Clear Bit 
This bit is used to preset the contents 
of prescaler 
1 to $7F. This bit reads as a zero. In 
order to preset prescaler 
1, a logic one must be written 
into M R3. 


MR2 
Prescaler 2 Clear Bit 
This bit is used to preset the contents 
of prescaler 2 to $7FFF. This bit reads as a zero. In 
order to preset prescaler 2, a logic one must be written 
into MR2. 


MR1 
Prescaler Cross-Couple 
Bit 


This bit controls 
the outputs 
of prescalers 
1 and 2 and directs them to either timer A or 
timer B clock inputs. 
This bit is cleared at reset or under program 
control 
and set under 
program 
control. 
When 
MR1 is clear the output 
of prescaler 1 is used as a clock input of 
timer A and the output 
of prescaler 2 is used as clock input for timer B. When MR1 is set, 
outputs 
of the prescalers are cross-coupled. 
Thus, prescaler 1 feeds the timer B clock in- 


put and prescaler 2 feeds the timer A clock 
input. 


To avoid truncation 
errors at the time of cross coupling, 
both prescalers may be preset by 
writing 
a one to MR3 and MR2 simultaneously. 


Port B Toggle 
Cross-Couple 
Bit 
This bit controls 
the overflow 
pulses of timers A and B and directs them to either port B1 
or BO. This bit is cleared at reset or under program 
control 
and set under program 
control. 


When MRO is clear, the overflow 
output 
pulse of timer A is used as a port B1 data register 
toggle 
clock source. 
Similarly, 
the timer B overflow 
output 
pulse is directed 
to port 
BO 


toggle 
clock 
input. 


When 
MRO is set, timer A overflow 
output 
is directed 
to port BO and timer B output 
is 
directed 
toward 
port B1. 


6.6 ANALOG-TO-DIGITAL 
CONVERTER 
(AID) 


The MC6805S2 
microcomputers 
have an 8-bit analog-to-digital 
(AID) 
converter 
implemented 
on 


the chip using a successive 
approximation 
technique. 
Up to four external analog inputs, via port D, 


are connected 
to the AID 
through 
a multiplexer. 
Four internal analog channels may be selected for 
calibration 
purposes (VRH-VRL, 
VRH-VRLI2, 
VRH-VRL/4, 
and VRLl. 
The accuracy 
of these inter- 


nal channels 
will not necessarily 
meet the accuracy 
specifications 
of the external 
channels. 


A fifth external analog input (AN4) is available via mask option. 
When selected, 
it replaces the VRH 
internal 
channel. 
Due to signal routing, 
the accuracy 
of this fifth channel 
may be slightly 
less than 
ANO-AN3. 
The fifth 
AID 
channel could be used to conveniently 
monitor 
the standby 
RAM supply 
voltage, 
as an example. 


• 


• 


Whenever 
the ACR is written, 
the conversion 
in progress 
is aborted, 
the conversion 
complete 
flag 
(ACR bit 7) is cleared, and the selected input is sampled for five machine cycles and held internally. 
During these five cycles the analog input will appear approximately 
like a 25 picofarads 
(maximum) 
capacitor 
charging 
through 
a 2.6 kilohm 
resistor, 
typical 
(see Figure 6-5). 


Device 
~2.6 
kO ITypicall 
Analog 
Input 


25 pF IMax.) 


Channel 
I 


Select 
_ 
Virtual 


- 
Ground 


Figure 6-5. Effective Analog Input Impedance 


(During Sampling Only) 


The converter 
operates 
cor,tinuously 
using 30 machine 
cycles 
to complete 
a conversion 
of the 
sampled 
analog 
input. 
When 
the conversion 
is complete, 
the digitized 
sample 
of digital 
value is 
placed in the AID 
result register 
(ARR), 
the conversion 
complete 
flag is set, the selected 
input 
is 


sampled 
again, and a new conversion 
is started. 


The AID 
is ratiometric. 
Two 
reference 
voltages 
(VRH and VRLl 
are supplied 
to the converter 
via 
port D pins. An input voltage equal to VRH converts 
to $FF (full scale) and an input voltage equal to 
VRL converts 
to $00. An input voltage greater than VRH converts 
to $FF and no overflow 
indication 
is provided. 
Similarly, 
an input voltage 
less than VRL, but greater than VSS converts 
to $00. Maxi- 
mum and minimum 
ratings 
must not be exceeded. 
For ratiometric 
conversion, 
the source of each 
analog input should 
use VRH as the supply voltage 
and be referenced 
to VRL. To maintain 
the full 
accuracy 
on the AID, 
VRH should be equal to or less than VDD, VRL should be equal to or greater 
than VSS but less than the maximum 
specification 
and (VRH-VRLl 
should 
be equal to or greater 
than 4 volts. 


The AID 
has a built-in 
Y:z 
LSB offset 
intended 
to reduce the magnitude 
of the quantizing 
error to 
± 
Y:z LSB, rather than + 0, -1 
LSB with no offset. 
This implies that, ignoring 
errors, the transition 
point from $00 to $01 occurs at 
Y:z LSB above VRL. Similarly, 
the transition 
from $FE to $FF occurs 
1.5 LSB below VRH, 
ideally. 
Refer to Figures 6-6 and 6-7. 


Digital 
Output 


FF 


Converter· 
Output 
(Hexl 


Error Convention 


± 2 LS8's 


± 1 LS8 


0.8 
07 


0.6 


0.5 
04 
03 


0.2 


0.1 
00 


VRL 
lx 
5x 
6x 
250x 
251x 
252x 
253x 
254x 
255x 
VRH 


1 
X=256.(VRH-VRLI=1 
LS8 


/ 
/ 
/ 
/ 
/ 
// 
'\ 


/ 
Ideal 


/ 
/ 
/ 


I 
I 
I 
I 
I 
I 
I 
I+--+l 


Full 
Scale 
Error 


• 


• 


On release of reset the AID 
control 
register (ACRl 
is cleared therefore 
after reset channel 
zero will 


be selected 
and the conversion 
complete 
flag will be clear. 
Refer to Figure 6-8 and Table 6-2. 


POO/ANO 


PD1/AN1 


PD2/AN2 


PD3/AN3 


INT2/PD61 
AN4 


D/A 


15 k !Typ.) 


1-of-8 
Select 
Multiplexer 


AI D Control Register 
AI D Output 
(Hex) 


ACRZ 
ACRl 
ACRO 
Input Selected 
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Typ 
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0 
0 
0 
ANO 


0 
0 
1 
ANl 
0 
1 
0 
AN2 
0 
1 
1 
AN3 
1 
0 
0 
VAH*· 
FE* .•. 
FF* * 
FF* .•. 


1 
0 
1 
VRL* 
00 
00 
01 
1 
1 
0 
VRH/4* 
3F 
40 
41 
1 
1 
1 
VRH/Z* 
7F 
80 
81 


AID 
Result 


Register 


SECTION 7 
SOFTWARE 
AND 
INSTRUCTION 
SET 


7.1.1 
Bit Manipulation 


The MC6805S2 
MCU has the ability 
to set or clear any single RAM or input/ output 
bit (except 
the 


data direction 
registers; 
see Caution 
under 
INPUT/OUTPUT) 
with 
a single 
instruction 
(BRSET. 


BCLRl. 
Any bit in page zero, including 
ROM except the DDRs, can be tested using the BRSET and 


BRCLR instructions 
and the program 
branches 
as a result of its state. The carry bit (C) 
equals the 
value of the bit referenced 
by BRSET or BRCLR. 
The capability 
of working 
with 
any bit in RAM, 


ROM, or I/O allows the user to have individual 
flags in RAM or to handle single I/O bits as control 
lines. 


The coding 
example in Figure 7-1 illustrates 
the usefulness 
of the bit manipulation 
and test instruc- 


tions. 
Assume 
that the MCU is to communicate 
with an external serial device. 
The external device 


has a data ready signal, a data output 
line, and a clock line to clock data one bit at a time, LSB first 
out of the device. 
The MCU waits 
until the data is ready, clocks the external 
device, 
picks up the 
data in the carry flag (C bit), 
clears the clock 
line, and finally 
accumulates 
the data bit in a RAM 


location. 


* 
BRSET 
2,PORTA, * 
WAIT 
FOR READY 


BSET 
1, PORTA 
CLOCK 
NEXT BIT IN 


BRCLR 
0, PORTA, 
NEXT 
PICKUP 
BIT IN C-BIT 
NEXT 
BClR 
1, PORTA 
RETURN 
CLOCK 
LINE HIGH 


ROR 
RAMLOC 
MOVE C-BIT 
INTO 
RAM 


MCU 


Ready 
- 
2P 
Serial 
0 


Device 
Clock 
1 R 
T 
Data 
°A- 


• 


• 


7.1.2 
Addressing 
Modes 


The MC6805S2 
MCU has ten addressing 
modes available for use by the programmer. 
They are ex- 


plained briefly in the following 
paragraphs. 
For additional 
details and graphical 
illustrations, 
refer to 
the M6B05 HMOSIM146B05 
CMOS 
Family Users Manual. 


The term "effective 
address" 
(EA) is used in describing 
the addressing 
modes. 
EA is defined 
as the 
address from which 
the argument 
for an instruction 
is fetched 
or stored. 


7.1.2.1 
IMMEDIATE. 
In the immediate 
addressing 
mode, 
the operand 
is contained 
in the byte im- 


mediately 
following 
the opcode. 
The immediate 
addressing 
mode is used to access constants 
which 
do not change 
during 
program 
execution 
(e.g., 
a constant 
used to initialize 
a loop counter). 


7.1.2.2 
DIRECT. 
In the direct addressing 
mode, the effective 
address of the argument 
is contained 
in a single byte following 
the opcode 
byte. Direct addressing 
allows the user to directly 
address the 
lowest 
256 bytes in memory 
with 
a single two-byte 
instruction. 
This address area includes 
all on- 
chip RAM and I/O registers 
and 128 bytes of ROM. 
Direct addressing 
is an effective 
use of both 
memory 
and time. 


7.1.2.3 
EXTENDED. 
In the extended 
addressing 
mode, 
the effective 
address of the argument 
is 
contained 
in the two bytes following 
the opcode. 
Instructions 
with extended 
addressing 
mode are 
capable of referencing 
arguments 
anywhere 
in memory 
with a single three-byte 
instruction. 
When 
using the Motorola 
assembler, 
the user need not specify whether 
an instruction 
uses direct 
or ex- 


tended 
addressing. 
The assembler 
automatically 
selects the shortest 
form of the instruction. 


7.1.2.4 
RELATIVE. 
The relative addressing 
mode is only used in branch instructions 
In relative ad- 
dressing, 
the contents 
of the 8-bit signed byte following 
the opcode 
(the offset) 
is added to the PC 
if, and only if, the branch condition 
is true. Otherwise, 
control 
proceeds to the next instruction. 
The 
span of relative addressing 
is from 
-126 
to + 129 from the opcode 
address. The programmer 
need 
not worry 
about calculating 
the correct 
offset 
if he uses the Motorola 
assembler, 
since it calculates 
the proper 
offset 
and checks to see if it is within 
the span of the branch. 


7.1.2.5 
INDEXED, 
NO OFFSET. 
In the indexed, 
no offset 
addressing 
mode, 
the effective 
address 
of the argument 
is contained 
in the 8-bit index register. 
Thus, this addressing 
mode can access the 
first 256 memory 
locations. 
These instructions 
are only one byte long. This mode is often 
used to 


move 
a pointer 
through 
a table 
or to hold 
the address 
of a frequently 
referenced 
RAM 
or I/O 


location. 


7.1.2.6 
INDEXED, 
8-BIT 
OFFSET. 
In the indexed, 
8-bit offset 
addressing 
mode, 
the effective 
ad- 
dress is the sum of the contents 
of the unsigned 8-bit index register and the unsigned 
byte following 


the opcode. 
This addressing 
mode is useful in selecting 
the kth element in an n element table. With 
this two-byte 
instruction, 
k would 
typically 
be in X with the address of the beginning 
of the table in 
the instruction. 
As such, tables may begin anywhere 
within 
the first 256 addressable 
locations 
and 
could extend 
as far as location 
510 ($lFE 
is the last location 
at which 
the instruction 
may begin). 


7.1.2.7 
INDEXED, 
16-BIT OFFSET. 
In the indexed. 
16-bit offset addressing 
mode. the effective 
ad- 
dress is the sum of the contents 
of the unsigned 
8-bit iooex register and the two 
unsigned 
bytes 
following 
the opcode. 
This addressing 
mode can be used in a manner similar to indexed. 8-bit offset 
except that this three-byte 
instruction 
allows tables to be anywhere 
in memory. 
As with direct and 
extended. 
the Motorola 
assembler 
determines 
the shortest 
from of indexed 
addressing. 


7.1.2.8 
BIT SET/CLEAR. 
In the bit set/ clear addressing 
mode, the bit to be set or cleared is part of 
the opcode. 
and the byte following 
the opcode 
specifies 
the direct address of the byte in which 
the 
specified 
bit is to be set or cleared. Thus. any read/write 
bit in the first 256 locations 
of memory. 
in- 


cluding 
I/O, 
can be selectively 
set or cleared with q single two-byte 
instruction. 
See Caution 
under 


6.1 INPUT/OUTPUT. 


7.1.2.9 
BIT TEST AND 
BRANCH. 
The bit test and branch 
addressing 
mode is a combination 
of 
direct addressing 
and relative addressing. 
The bit which 
is to be tested and condition 
(set or clear) is 


included 
in the opcode. 
and the address of the byte to be tested 
is in the single byte immediately 


following 
the opcode 
byte. The signed relative 8-bit offset 
in the third byte is added to the PC if the 


specified 
bit is set or cleared 
in the specified 
memory 
location. 
This single three-byte 
instruction 
allows the program 
to branch based on the condition 
of any readable bit in the first 256 locations 
of 
memory. 
The span of branching 
is from 
- 125 to + 130 from the opcode 
address. The state of the 


tested 
bit is also transferred 
to the carry bit of the condition 
code registers. 
See Caution 
under 6.1 
INPUT/OUTPUT. 


7.1.2.10 
INHERENT. 
In the inherent 
addressing 
mode. all the information 
necessary to execute the 


instruction 
is contained 
in the opcode. 
Operations 
specifying 
only the index register or accumulator. 


as well as control 
instruction 
with no other arguments, 
are included 
in this mode. These instructions 
are one byte long. 


7.2 
INSTRUCTION 
SET 


The MC6805S2 
MCU has a set of 59 basic instructions. 
which 
when combined 
with the 10 address- 
ing modes 
produce 
207 usable opcodes. 
They can be divided 
into five different 
types: 
register/ 


memory, 
read-modify-write, 
branch. 
bit 
manipulation. 
and 
control. 
The 
following 
paragraphs 
briefly explain 
each type. 
All the instruction 
within 
a given type are presented 
in individual 
tables. 


7.2.1 
Register/Memory 
Instructions 


Most of these instructions 
use two operands. 
One operand 
is either the accumulator 
or the index 
register. 
The other is obtained 
from memory 
using one of the addressing 
modes. 
The jump uncon- 


ditional 
IJMP) 
and 
jump-to-subroutine 
IJSRl 
instructions 
have 
no 
register 
operand. 
Refer 
to 


Table 7-1. 


• 


Addressmg 
Modes 


Indexed 
Indexed 
Indexed 


Immediate 
Direct 
Extended 
INo 
Offset) 
18 BIt Offset) 
116 
BI1 Offset) 


Op . 
• 
Op . · 


Op . . 
Op . · 


00 . . 
OP . . 


Function 
MnemoniC 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from Memory 
LOA 
A6 
2 
2 
A6 
2 
• 
C6 
3 
5 
F6 
1 
• 
E6 
2 
5 
06 
3 
6 


Load X from Memory 
LOX 
AE 
2 
2 
BE 
2 
• 
CE 
3 
5 
FE 
1 
• 
EE 
2 
5 
Of 
3 
6 


Store A m Memory 
STA 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
07 
3 
7 


Store X In Memory 
STX 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
OF 
3 
7 


Add Memory 
10 A 
ADD 
AB 
2 
2 
BB 
2 
• 
CB 
3 
5 
FB 
1 
• 
EB 
2 
5 
DB 
3 
6 


Add Memory 
and 
Carry 10 A 
AOC 
A9 
2 
2 
B9 
2 
• 
C9 
3 
5 
F9 
1 
• 
E9 
2 
5 
09 
3 
6 


Sublracl 
Memory 
SUB 
AD 
2 
2 
BO 
2 
• 
CO 
3 
5 
FO 
1 
• 
EO 
2 
5 
DO 
3 
6 


Sublract 
Memory 
from 


A wIth 
BOrlOw 
SBC 
A2 
2 
2 
B2 
2 
• 
C2 
3 
5 
F2 
1 
• 
E2 
2 
5 
02 
3 
6 


AND 
Memory 
to A 
AND 
A' 
2 
2 
B' 
2 
• 
C' 
3 
5 
F. 
1 
• 
E' 
2 
5 
D' 
3 
6 


OR Memory 
wIth 
A 
ORA 
AA 
2 
2 
BA 
2 
• 
(A 
3 
5 
FA 
1 
• 
EA 
2 
5 
OA 
3 
6 


E•.clusllle 
OR Memory 


WIth A 
EOR 
AB 
2 
2 
BB 
2 
• 
(B 
3 
5 
FB 
1 
• 
EB 
2 
5 
DB 
3 
6 


ArithmetIC 
Comp3re 
A 


WIlli 
Memory 
CMP 
A1 
2 
2 
B 1 
2 
• 
C1 
3 
5 
F1 
1 
• 
El 
2 
5 
01 
3 
6 


A,,,hmeIiC 
Compare 
X 


WIth Memory 
CPX 
A3 
2 
2 
B3 
2 
• 
C3 
3 
5 
F3 
1 
• 
E3 
2 
5 
03 
3 
6 


BII TeSI Memory 
WIth 


A (LogIcal 
Comparel 
BIT 
A5 
2 
2 
B5 
2 
• 
(5 
3 
5 
F5 
1 
• 
E5 
2 
5 
05 
3 
6 


Jump 
Uncond,llonal 
JMP 
BC 
2 
3 
CC 
3 
• 
FC 
1 
3 
EC 
2 
• 
DC 
3 
5 


Jump 
10 Subroullne 
JSR 
BO 
2 
7 
CD 
3 
B 
FD 
1 
7 
ED 
2 
B 
DO 
3 
9 


7.2.2 
Read-Modify-Write 
Instructions 


These instructions 
read a memory 
location 
or a register, 
modify 
or test it contents, 
and write 
the 


modified 
value back to memory 
or to the register; 
see Caution 
under 6.1 INPUT/OUTPUT. 
The test 
for negative or zero (TST) instruction 
is included 
in the read-modify-write 
instruction 
though 
it does 


not perform 
the write. 
Refer to Table 7-2. 


Address1ng 
Modes 


Indexed 
Indexed 


Inherent 
(A) 
Inherent 
(XI 
Duect 
{No 
Offset) 
(8 
BIt 
Offset) 


Op . 
• 
Op 
• 
• 
Op . . 
Op 
• . 
Op . . 


Function 
Mnemonic 
Code Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
OEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complemenl 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


125 
Comp1emenn 
NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 


Rotate 
Lef, 
Thtu 
Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


ROIaie RighI Thru Carry 
ROR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
\ 
6 
66 
2 
7 


Logical 
Shill 
Left 
LSL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


logical 
Shill 
RighI 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


ArithmetiC 
ShIft 
Right 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Test 
for 
Negative 


or Zero 
TST 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 • 


• 


7.2.3 
Branch 
Instructions 


The branch instructions 
cause a branch from the program 
when a certain condition 
is met. Refer to 
Table 7-3. 


Relative 
Addressing 
Mode 


Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch 
Never 
BRN 
21 
2 
4 


Branch 
IFFHigher 
BHI 
22 
2 
4 


Branch IFF Lower 
or Same 
BlS 
23 
2 
4 


Branch IFF Carry 
Clear 
BCC 
24 
2 
4 


IBranchlFFHlgher 
or Same) 
(BHS) 
24 
2 
4 


Branch IFFCarrv 
Set 
BCS 
25 
2 
4 


I Branch IFF lower) 
IBlO) 
25 
2 
4 


Branch IFF Not Equal 
BNE 
26 
2 
4 


Branch IFF Equal 
BEQ 
27 
2 
4 


Branch IFF Half Carry Clear 
BHCC 
28 
2 
4 


Branch IFF Half Carry Set 
8HCS 
29 
2 
4 


Branch IFF Plus 
BPl 
2A 
2 
4 


BranchlFF Mmus 
BMI 
2B 
2 
4 


Branch IFF Inlerupt 
Mask 
Bit IS Clear 
BMC 
2C 
2 
4 


Branch IFF Interrupt 
Mask 


all IS Set 
BMS 
2D 
2 
4 


BranchlFFlnterrupt 
Line 


IS Low 
Bil 
2E 
2 
4 


Br~nch 
IFF Interrupt 
Line 


IS HIgh 
BIH 
2F 
2 
4 


Branch 
10 Subroutine 
BSR 
AD 
2 
8 


7.2.4 
Bit Manipulation 
Instructions 


The instructions 
are used on any bit in the first 256 bytes of memory; 
see Caution 
under 6.1 INPUT / 


OUTPUT. 
One group either sets or clears. The other group 
performs 
the bit test and branch opera- 


tions. 
Refer to Table 7-4. 


Addressing 
Modes 


Bit Set IClear 
BIt Test 
and 
Branch 


op 
• 
• 
op 
• 
. 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch 
IFF 
811 n IS set 
BRSET n In - 0 
7' 
- 
- 
2.n 
3 
10 


Branch 
IFF BII n IS clear 
BRClR 
n In , 0 
71 
- 
- 
01 . 2. n 
3 
10 


Set 
all n 
BSET n In - 0 
71 
10 • 2. n 
2 
7 


Clear bit n 
BClR 
n In ' 0 
7' 
11 • 2. n 
2 
7 


7.2.5 
Control 
Instructions 


The control 
instructions 
control 
the MCU operations 
during 
program 
execution. 
Refer to Table 7-5. 


Inherent 
op 
• 
• 


function 
Mnemonic 
Code 
Bytes 
Cycles 


Transfer 
A 
10 X 
TAX 
97 
1 
2 


Transfer 
X 
to A 
TXA 
9F 
1 
2 


Sel 
Carry 
811 
SEC 
99 
1 
2 


Clear 
Carry 
B,I 
ClC 
9B 
1 
2 


Set 
Interrupt 
Mask 
Bll 
SEI 
9B 
1 
2 


Clear 
Interrupt 
Mask 
Sl' 
CLI 
9A 
1 
2 


Sollware 
Inlf~rrlJlJl 
SWI 
B3 
1 
11 


ReltHn 
from 
Subroullne 
RTS 
Bl 
1 
6 


R •..lurn 
from 
Inlerrupt 
RTI 
80 
1 
9 


Reset 
STriCk 
POInter 
RSP 
9C 
1 
2 


No 
OJ,Jera1lon 
NOP 
90 
1 
2 


• 


7.2.6 
Alphabetical 
Listing 


The complete 
instruction 
set is given in a alphabetical 
order in Table 7-6. 


Addressing 
Modes 
ondition Code 


Bit 
Bit 


Indexed 
Indexed 
Indexed 
Set! 
Test & 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(8 Bits) 
(16 
Bits) 
Clear 
Branch 
H I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
1\ • 1\ 
1\ 
1\ 


ADD 
X 
X 
X 
X 
X 
X 
1\ • 1\ 
1\ 
1\ 


AND 
X 
X 
X 
X 
X 
X 
• • 1\ 
1\ • 


ASl 
X 
X 
X 
X 
• • 1\ 
1\ 
1\ 


ASR 
X 
X 
X 
X 
• • 1\ 
1\ 
1\ 


BCC 
X 
• • • • • 


BClR 
X 
• • • • • 
BCS 
X 
• • • • • 
BEG 
X 
• • • • • 


BHCC 
X 
• • • • • 
BHCS 
X 
• • • • • 


BHI 
X 
• • • • • 


BHS 
X 
• • • • • 
BIH 
X 
• • • • • 
Bil 
X 
• • • • • 
BIT 
X 
X 
X 
X 
X 
X 
• • 1\ 
1\ • 


BlO 
X 
• • • • • 


BlS 
X 
• • • • • 


BMC 
X 
• • • • • 
BMI 
X 
• • • • • 
BMS 
X 
• • • • • 
BNE 
X 
• • • • • 
BPl 
X 
• • • • • 
BRA 
X 
• • • • • 
BRN 
X 
• • • • • 
BRClR 
X • • • • 
1\ 


BRSEl 
X • • • • 
1\ 


BSET 
X 
• • • • • 
BSR 
X 
• • • • • 


Cll 
X 
• • • • 0 


CLI 
X 
• 0 • • • 


ClR 
X 
X 
X 
X 
• • 0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • 1\ 
1\ 
1\ 


COM 
X 
X 
X 
X 
• • 1\ 
1\ 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • 1\ 
1\ 
1\ 


DEC 
X 
X 
X 
X 
• • 1\ 
1\ • 
EOR 
X 
X 
X 
X 
X 
X 
• • 1\ 
1\ • 
INC 
X 
X 
X 
X 
• • 1\ 
1\ • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 


Condition Code Symbols 


H 
Half Carry (From Bit 3) 


I 
Interrupt 
Mask 
N 
Negattve (S19n Bltl 


Addressing Modes 
ondltlon Code 


B,' 
B,t 


Indexed 
Indexed 
Indexed 
Se' 
Test & 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
RelatIve 
INo 
Offset) 
18 B,ts} 
116 B,ts} 
Clear Branch 
H 
I 
N 
Z 
C 


LOA 
X 
X 
X 
X 
X 
X 
• • /\ 
/\ • 


LOX 
X 
X 
X 
X 
X 
X 
• • /\ 
/\ • 


LSL 
X 
X 
X 
X 
• • 


/\ 
/\ 
/\ 


LSR 
X 
X 
X 
X 
• • 0 /\ 
/\ 


NEO 
X 
X 
X 
X 
• • /\ 
/\ 
/\ 


NOP 
X 
• • • • • 


ORA 
X 
X 
X 
X 
X 
X 
• • /\ 
/\ • 


ROL 
X 
X 
X 
X 
• • /\ 
/\ 
/\ 


RSP 
X 
• • • • • 


RTI 
X 
} 
} , 
} 
} 


RTS 
X 
• • • • • 


SBC 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


SEC 
X 
• • • • 
1 


SEI 
X 
• 
1 • • • 


STA 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


STX 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


SUB 
X 
X 
X 
X 
X 
X 
• • 
/\ 
1\ 
1\ 


SWI 
X 
• 


1 • • • 


TAX 
X 
• • • • • 


TST 
X 
X 
X 
X 
• • 
1\ 
1\ • 


TXA 
X 
• • • • • 


Condition Code Symbols 


H 
Half Carry l From Bit 3) 
I 
Interrupt Mask 
N 
Negative ISlgn Bltl 


7.2.7 
Opcode 
Map 


Table 7-7 is an opcode 
map for the instruction 
used on the MCU 


• 


• 


Bit Manipulation 
Branch 
Read/ Modify/Write 


BTB 
BSC 
REL 
DIR 
A 
X 
IXl 
IX 


~ 
0 
1 
2 
3 
4 
5 
6 
7 


Low 
I 
OOJO 
OCO, 
0010 
0011 
0'00 
010' 
0110 
0111 


10 
5 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


0 
BRSETO 
BSETO 
BRA 
NEG 
NEG 
NEG 
NEG 
NEG 


OOJO 
3 
BTB 
2 
Bse 
2 
AEl 
2 
DIA , 
A 
, 
x 
2 
IX' 
, 
IX 


10 
5 
7 
5 
4 
3 


1 
BRCLRO 
BCLRO 
BRN 


oco, 
3 
BTB 
2 
Bse 
2 
AEl 


10 
5 
7 
5 
4 
3 


2 
BRSETl 
BSETl 
BHI 


00'0 
3 
BTB 
2 
Bse 
2 
AEl 


'0 
5 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


3 
BRCLRl 
BCLRl 
BLS 
COM 
COM 
COM 
COM 
COM 


0011 
3 
BTB 
2 
sse 
2 
AEl 
2 
DIA , 
A , 
X 
2 
IX' , 
IX 


10 
5 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


4 
BRSET2 
BSET2 
BCC 
LSR 
LSR 
LSR 
LSR 
LSR 


0'00 
3 
BTB 
2 
Bse 
2 
AEl 
2 
lJlA , 
A , 
X 
2 
IX' 
, 
IX 


'0 
5 
7 
5 
4 
3 


5 
BRCLR2 
BCLR2 
BCS 


010' 
3 
BTB 
2 
Bse 
2 
AEl 


10 
5 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
ROR 
ROR 
ROR 
ROR 


0110 
3 
BTB 
2 
Bse 
2 
AEl 
2 
[)IA , 
A 
, 
X 
2 
IX' 
, 
IX 


10 
5 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


7 
BRCLR3 
BCLR3 
BEG 
ASR 
ASR 
ASR 
ASR 
ASR 


0111 
3 
BTB 
2 
Bse 
2 
AEl 
2 
DIA , 
A 
, 
X 
2 
IX' 
, 
IX 


'0 
5 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


8 
BRSET4 
BSET4 
BHCC 
LSL 
LSL 
LSL 
LSL 
LSL 
'oco 
3 
BTB 
2 
Bse 
2 
AEl 
2 
DIA , 
A 
, 
X 
2 
IX' 
, 
IX 


10 
5 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


9 
BRCLR4 
BCLR4 
BHCS 
ROL 
ROL 
ROL 
ROL 
ROL 


'00' 
3 
BTB 
2 
Bse 
2 
REl 
2 
DIR , 
A , 
X 
2 
IX' 
, 
IX 


10 
5 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


A 
BRSET5 
BSET5 
BPL 
DEC 
DEC 
DEC 
DEC 
DEC 


'010 
3 
BTB 
2 
Bse 
2 
AEl 
2 
DIA 
1 
A , 
X 
2 
IX' 
, 
IX 


'0 
5 
7 
5 
4 
3 


B 
BRCLR5 
BCLR5 
BMI 


1011 
3 
BTB 
2 
Bse 
2 
AEl 


'0 
5 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


C 
BRSET6 
BSET6 
BMC 
INC 
INC 
INC 
INC 
INC 
1100 
BTB 
2 
Bse 
2 
AEl 
2 
DIA , 
A 
, 
X 
2 
IX' , 
IX 


10 
5 
7 
5 
4 
3 
6 
4 
4 
3 
4 
3 
7 
5 
6 
4 


D 
BRCLR6 
BCLR6 
BMS 
TST 
TST 
TST 
TST 
TST 


1101 
BTB 
2 
Bse 
2 
AEl 
2 
DIA , 
A , 
X 
2 
IX' , 
IX 


'0 
7 
7 
5 
4 
3 


E 
BRSET7 
BSETl 
BIL 


1110 
BTB 
2 
Bse 
2 
AEl 


10 
7 
7 
5 
4 
3 
6 
5 
4 
3 
4 
3 
7 
6 
6 
5 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
CLR 
CLR 
CLR 
CLR 


1111 
BTB 
2 
Bse 
2 
AEl 
2 
DIA , 
A , 
X 
2 
IX' 
, 
IX 


Inherent 
Accumulator 
Index Register 
Immediate 
Direct 


Extended 
Relative 
Bit SetlClear 
Bit Test and Branch 


Indexed 
(No Offset! 


Indexed. 
1 Byte 18·8itl 
Offset 
Indexed. 
2 Byte 116-Bltl 
Offset 
Ml46805 
CMOS 
Family 
Only 


Control 
Register/Memory 
INH 
INH 
IMM 
DIR 
EXT 
1X2 
IXl 
IX 
8 
9 
A 
B 
C 
D 
E 
F 


~ 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 
I 
Low 


9 
9 
2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


RTI 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
0 


1 
INH 
2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IXססoo 


6 
6 
2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


RTS 
CMP 
CMP 
CMP 
CMP 
CMP 
CMP 
1 


1 
INH 
2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
0001 


2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


SBC 
SBC 
SBC 
SBC 
SBC 
SBC 
2 


2 
IMM 
2 
DIR 
3 
EXT 
3 
Ix2 
2 
IXI 
1 
IX 
0010 


11 
10 
2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


SWI 
CPX 
CPX 
CPX 
CPX 
CPX 
CPX 
3 


1 
INH 
2 
IMM 
2 
DIR 
3 
EXT 
3 
lX2 
2 
IXI 
I 
IX 
0011 


2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


AND 
,I\,ND 
AND 
AND 
AND 
AND 
4 


2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
I 
IX 
0100 


2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
5 


2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
0101 


2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


LDA 
LDA 
LDA 
LDA 
LDA 
LDA 
6 


2 
IMM 
2 
D" 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
0110 


2 
2 
5 
4 
6 
5 
7 
6 
6 
5 
5 
4 


TAX 
STA 
STA 
STA 
STA 
STA 
7 


1 
INH 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
I 
IX 
0111 


2 
2 
2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


CLC 
EaR 
EaR 
EaR 
EaR 
EaR 
EaR 
8 


1 
INH 
2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
1000 


2 
2 
2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


SEC 
ADC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 


1 
INH 
2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
1001 


2 
2 
2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


CLI 
ORA 
ORA 
ORA 
ORA 
ORA 
ORA 
A 


1 
INH 
2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
1010 


2 
2 
2 
2 
4 
3 
5 
4 
i; 
5 
5 
4 
4 
3 


SEI 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
B 


1 
INH 
2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
1011 


2 
2 
3 
2 
4 
3 
5 
4 
4 
3 
3 
2 


RSP 
JMP 
JMP 
JMP 
JMP 
JMP 
C 


1 
INH 
2 
DIR 
3 
fXT 
3 
IX2 
2 
IXI 
1 
IX 
1100 


2 
2 
8 
6 
7 
5 
8 
6 
9 
7 
8 
6 
7 
5 


Nap 
BSR 
JSR 
JSR 
JSR 
JSR 
JSR 
D 


1 
INH 
2 
REL 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
1101 


* 


2 
2 
2 
4 
3 
5 
4 
6 
5 
5 
4 
4 
3 


STOP 
LDX 
LDX 
LDX 
LDX 
LDX 
LDX 
E 


1 
INH 
2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
1110 


* 


2 
2 
2 
5 
4 
6 
5 
7 
6 
6 
5 
5 
4 


WAIT 
TXA 
STX 
STX 
STX 
STX 
STX 
F 


1 
INH 
1 
INH 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
1 
IX 
1111 


Cycles, 
M6805 HMOS 


Mnemonic 
Bytes 


Cycles, 
M146805 CMOS 


•• 


• 


SECTION 8 
ELECTRICAL 
SPECIFICATIONS 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
-0.3 
to + 70 
V 


Input Voltage 
peoln 


Self-Check 
Mode 
Vin 
-0310 
+ 15.0 
V 


All 01her 
-0310+7.0 


Port A and C Source Current per Pin 
tOne at a Time) 
lout 
10 
mA 


Operating Temperature 
Range 


MC6805S2 
TA 
o to 70 
'c 
MC6805S2C 
-401085 


Storage Temperature 
Range 
Tsto 
-5510 
+ 150 


Junction 
Temperature 
Plastic Package 
150 
CeramIc Package 
TJ 
175 
'c 


Cerdip 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Plastic 
70 


Ceramic 
8JA 
60 
'C/W 
Cerdip 
60 


This device contains circuitry to protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 


voltages or electncal fields; however, 
it is ad- 


vIsed 
that 
normal 
precautions 
be taken 
to 
avoid application 
of any voltage higher than 
maximum 
rated 
voltages 
to 
this 
hlgh- 


impedance 
circuIt. 
For proper operation 
It is 


recommended 
that 
Vin 
and 
Vout 
be con- 
strained 
to 
the 
range 
VSS s. (Vjn 
or 
VoutsVCC 
Reliability 
of 
operation 
is 
enhanced 
jf unused inputs except EXTAL are 
tied 
to an 
appropriate 
voltage 
level (e.g., 
eilher 
VSS 
or VCCI. 


The average chip-junction 
temperature, 
Tj, 
in °c can be obtained 
from: 


Tj=TA+(PD-OjA) 
(1) 


Where: 


TA==Ambient 
Temperature, 
°c 


OjA ==Package Thermal 
Resistance, 
junction-to-Ambient, 
°C/W 


PD ==PINT + PPORT 
PINT==ICCx 
VCc. 
Watts 
- 
Chip Internal 
Power 
PPORT ==Port Power Dissipation, 
Watts 
- 
User Determined 


For most applications 
PPORT~ 
PINT and can be neglected. 
PPORT may become significant 
if 


the device is configured 
to drive Darlington 
bases or sink LED loads. 
An appropriate 
relationship 
between 
PD and Tj 
lif PPORT is neglected) 
is: 


PD=K+(Tj+273°) 
(2) 
Solving 
equations 
1 and 2 for K gives: 
K = PD-n 
A + 273°C) + OjNPD2 
(3) 


Where 
K is a constant 
pertaining 
to the particular 
part. K can be determined 
from equation 
3 by 


measuring 
PD (at equilibriuml 
for a known TA Using this value of K the values of PD and Tj can be 


obtained 
by solving 
equations 
(1) and (21 iteratively 
for any value of TA 


8.4 
ELECTRICAL 
CHARACTERISTICS 
IVCC = + 5.25 Vdc ± 05 
Vdc, 
VSS = 0 Vdc, 


TA = TL to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
High Voltage 


RESET 14.75:sVCC:s5.75) 
4.0 
- 
VCC+O 
7 
IVCC:s4.75J 
VCC-O 
5 
- 
VCC+O.7 


INT 14.75 :sVCC:s5.75J 
VIH 
40 
· 


VCC+07 
V 


IVCC:s4.75) 
VCC-05 
· 


VCC+07 


All Other 
20 
- 
VCC+O.7 


Input 
High Voltage 
PCO 


Port/Timer 
Mode 
VIH 
20 
- 
VCC+ 
1.0 
V 


Self-Check 
Mode 
90 
10.0 
150 


Input Low Voltage 


RESET 
VSS 
- 
0.8 


INT 
VIL 
VSS 
· 
1.5 
V 


All Other 
IExcept 
AID 
Inputs) 
VSS 
- 
0.8 


RESET HysteresIs 
Voltages 
ISee 
RESETS) 


"Out 
of Reset" 
VIRES + 
2.1 
- 
40 
V 


"Into 
Reset" 
VIRES - 
0.8 
- 
20 


Standby 
Supply 
Voltage 
ONT2 Input 
Option) 
VSTBY 
30 
- 
5.75 
V 


Standby 
Current 
ONT2 Input 
Option) 
IVSTBy-3.0 
V) 
ISTBY 
- 
1.0 
TBD 
mA 


Power Dissipation - No Port Loading 


IVCC=5.75 
V. TA=O°C} 
PD 
- 
600 
T8D 
mW 


IVCC~5.75 
V. TA= 
-40°C) 
PD 
- 
670 
T8D 


Input Capacitance 
(Except Analog Inputs - 
See Notel 
Cin 
- 
10 
- 
pF 


Low Voltage 
Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage 
Inhibit 
VLVI 
2.75 
3.75 
4.70 
V 


Input Current 
INT 


1Vin=2.4 
V to VCC) 
- 
20 
50 
EXTAL 


1Vin=2.4 
V to VCC Crystal 
Option) 
lin 
- 
- 
10 
pA 


1Vin = 0.4 V Crystal 
Option} 
- 
- 
-1600 


RESET 


1Vin=0.8 
V) 
-4.0 
- 
-50 
{External Charging Current} 


• 


• 


8.5 
SWITCHING 
CHARACTERISTICS 
(VCC= 
+5.25 
Vdc 
±O.5 Vdc, 
VSS=O 
Vdc, 


TA = TL to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator Frequency 
fose 
0.4 
- 
4.2 
MHz 


Cycle Time 
14/fosel 
teve 
0.95 
- 
10 
~s 


INT. 
INT2. and TIMER 
Pulse Width 
ISee 5.4 INTERRUPTS) 
tWL, 
tWH 
teve+ 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
teye+ 250 
ns 
RESIT Delay Time IExternal 
Capaeitanee-l 
~F) 
tRHL 
100 
ms 


INT Zero-Crossing 
Detection 
Input Frequency 
(for + 5° Accuracy) 
flNT 
0.03 
- 
1 
kHz 


External 
Clock 
Input 
Duty 
Cycle IEXTALI 
- 
40 
50 
60 
% 


Oscillator Startup Time Crystal* 
tsu 
- 
- 
100 
ms 


SPICL 
High Time 
tSPICLH 
4 
leye 


SPICL 
Low Time 
tSPICHL 
4 
teve 


SPICL 
R,se and Fall Time 
tsr, 
tSf 
- 
- 
1 
~s 


SPID Input Data Setup Time 
tSDS 
2 
- 
- 
lcye 


SPID Input 
Data Hold 
Time 
tSDH 
2 
Icye 


SPICL 
to SPISS 
Lag Time 
tSStG 
4 
Icye 


SPISS 
to SPICL 
Lead Time 
tSSLD 
4 
- 
- 
teve 


SPISS 
High and Low Time 
tSSH, 
tSSL 
4 
- 
- 
leye 
Start Bit to First Clock Lead Time 
tSTL 
1 
- 
- 
Icye 
External Timer Input to Timer Change TIme 
tpCT 
3 
teve 
Timer Change to Port B Toggle Time 
tTP8 
2 
- 
- 
teve 
INT2 to TImer A Load TIme 
ltNTL 
3 
- 
- 
leye 


8.6 AID 
CONVERTER 
CHARACTERISTICS 
(VCC= 
+5.25 
Vdc 
±O.5 
Vdc, VSS=O 
Vdc, 


TA = TL to TH, unless otherwise 
noted) 


Characteristic 
Min 
Typ 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Non-Linearity· 
- 
- 
±lO 
LS8 
After removing zero-offset 
and full-scale errors 


Ouantizlng 
Error 
- 
- 
±lO 
LS8 


Full Scale Error· 
- 
- 
T8D 
LS8 
Deviation of step SFE to SFF from ideal 


Zero Offset· 
- 
- 
T8D 
LS8 
Deviation of step $00 to $01 from Ideal 


Absolute {Totall 
Error· 
- 
- 
T8D 
LSB 
Includes errors due to all sources, Including 
quantizing 


Conversion Range 


VRH 
- 
- 
VCC 
V 
A/ D accuracy may decrease proportionately 
as 


VRL 
VSS 
- 
02 
VRH-VRL 
is reduced 
below 
4.0 V. The sum 
of VRH and VRL must not exceed VCC 


Conversion TIme 
30 
30 
30 
tcyc 
Includes sampling time 


Monotonlclty 
(Inherent 
with In total error) 


Sample Time 
5 
5 
5 
teve 


Sample/Hold 
Capacitance, 
Input 
- 
- 
25 
pF 


Analog Input Voltage 
VRL 
VRH 
V 
TranSIents on any analog lines (pinS 19-24) are 


not allowed ot any time dunng sampling or 
accuracy may be degraded 


8.7 
PORT ELECTRICAL 
CHARACTERISTICS 
(VCC= 
+5.25 Vdc. ±05 
Vdc. 
VSS=O 
Vdc. 


TA = TL to TH. unless otherwise 
noted) 


Characteristic 
I 
Symbol 
I 
Min 
I 
Typ 
I 
Max 
Unit 


Port A with 
CMOS Drive Enabled 


Output 
Low Voltage 


1Load = 1.6 mA 
VOL 
- 
- 
04 
V 


Output 
High Voltage 


ILoad~ 
- 100 ~A 
VOH 
24 
- 
- 
V 


Output 
High Voltage 


ILoad= 
-10 
~A 
VOH 
VCC-1.0 
- 
- 
V 


Input High Voltage 


ILoad= 
- 300 p.A (MaxImum) 
VIH 
2.0 
- 
VCC+0.7 
V 


Input Low Voltage 


ILoad~ 
-500 
~A IMaximum) 
VIL 
VSS 
- 
08 
V 


Hi-Z State Input Current 
IVin~ 2.0 V to VCCI 
IIH 
- 
- 
-300 
~A 


Hi-Z State Input Current 
IV,n~04 
VI 
IlL 
- 
- 
-500 
~A 


Port B 


Output 
Low Voltage 


ILoad=3.2 
mA 
VOL 
- 
- 
04 
V 


Output 
Low Voltage 
ILoad~ 
10 mA ISinkl 
VOL 
- 
- 
1.0 
V 


Output 
High Voltage*' 


ILoad~ 
-200~A 
VOH 
24 
- 
- 
V 


Darlington 
Current Drive (Source)" 


VO=1.5V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
20 
- 
VCC+07 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
~A 


Port C and Port A with CMOS Device Disabled 


Output 
Low Voltage 
ILoad= 
1.6 mA 
VOL 
- 
- 
04 
V 


Output 
High Voltage 


ILoad= 
-100 
~A 
VOH 
24 
- 
- 
V 


Input High Voltage 
VIH 
20 
VCC+07 
V 


Input Low Voltage 
VIL 
VSS 
-- 
08 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
~A 


Port 0 (Digital Inputs Only) 


Input High Voltage 
I 
VIH 
I 
2.0 
I 
- 
VCC+07 
I 
V 


Input Low Voltage 
I 
VIL 
I 
VSS 
I 
- 
08 
I 
V 


Input Current"" 
I 
1m 
I 
- 
I 
<1 
5 
I 
~A 


.• Not applicable if programmed 
to open-drain state . 


•• 
PD4IVRL-PD5IVRH: 
The AID 
conversion resistor 115 kilohm typicall is connected internally between these two lines, Impacltng thelf use as dlQltallnputs 


in some applications, 


• 


• 


Figure 8-1. TTL Equivalent 
Test Load (Port 
B) 


Figure 8-3. TTL Equivalent 
Test Load (Ports A and C) 


TestPolnt~ I30 pF IT otal) 


Figure 8-2. CMOS 
Equivalent 
Test Low (Port A) 


-J 


VCC=4.75 
v 


1.36 kO 


Test 
Point 
l' 30 pF IT otal) 


Figure 8-4. Open-Drain 
Equivalent 
Test Load (PB 1, PB2, and PB3) 


SECTION 9 
ORDERING 
INFORMATION 


The information 
required when ordering a custom MCU is given in the following 
paragraphs. The 
ROM program may be transmitted 
to Motorola 
on EPROMls) or an MOOS disk file. 


To initiate a ROM pattern for the MCU it is necessary to first contact your local Motorola 
represen- 
tative or Motorola 
distributor. 


9.1 EPROMs 


The MCM2716 or MCM2532 type EPROMs, programmed with the customer program (positive logic 
sense for address and data), may be submitted 
for pattern generation. 
The EPROM must be clearly 
marked to indicate which EPROM corresponds to which address space. The recommended marking 
procedure for two MCM2716 EPROMs is illustrated 
below. 


After 
the EPROM(s) are marked, 
they should 
be placed in conductive 
IC carriers and securely 


packed. Do not use styrofoam. 


All original pattern media (EPROMs or floppy disk) are filed for contractual 
purposes and are not 
returned. A computer 
listing of the ROM code will be generated and returned along with a listing 
verification 
form. 
The listing should be thoroughly 
checked and the verification 
form completed, 
signed, and returned to Motorola. 
The signed verification 
form constitutes 
the contractual 
agree- 
ment for creation of the customer mask. If desired, Motorola will program one blank EPROM from 
the data file used to create the customer 
mask to aid in the verification 
process. 


• 


• 


Ten MCUs containing 
the customer's 
ROM pattern will be sent for program 
verification. 
These units 


will have been made using the custom 
mask but are for the purpose 
of ROM verification 
only. 
For 
expediency 
they are usually unmarked, 
packaged 
in ceramic, 
and tested only at room temperature 


and 5 volts. 
These RVUs are included 
in the mask charge and are not production 
parts. The RVUs 


are thus not guaranteed 
by Motorola 
Quality Assurance, 
and should be discarded 
after verification 
is completed. 


9.4 
FLEXIBLE DISKS 


The disk media submitted 
must be single-sided, 
single-density, 
8-inch, 
MOOS compatible 
floppies. 


The customer 
must write the binary file name and company 
name of the disk with a felt-tip 
pen. The 


minimum 
MOOS 
system 
files as well as the absolute 
binary 
object 
file (file name LO type of file) 


from the M6805 cross assembler 
must be on the disk. An object file made from a memory 
dump us- 


ing the ROLLOUT 
command 
is also acceptable. 
Consider submitting 
a source listing as well as the 


following 
files: file name LX (EXORciser 
loadable 
format) 
and file name SA (ASCII 
source code). 


These files will of course be kept confidential 
and are used 1) to speed up the process in-house 
if 
any problems arise, and 2) to speed up the user-to-factory 
interface 
if the user finds any software 
er- 


rors and needs assistance 
quickly 
from 
Motorola 
factory 
representatives. 


MOOS is Motorola's 
disk operating 
system available on development 
systems such as EXORcisers, 


EXORsets, 
etc. 


MC 
_ 


SC 
_ 


Standby 
RAM 
No Standby 
16-Byte 
Standby 


Internal Oscillator Input 


Crystal 


Resistor 


Port A Output 
Drive 
CMOS 
and TTL 
TTL Only 


Analog-lo-Digital 
Channels 


Four IStandard) 


Five 


Low Voltage 
Inhibit 


Disable 


Enable 


Pattern Media lA11other media require prior factory approvall 
EPROMs 
IMCM2716 
or MCM25321 
Floppy 
Oisk 
Other* 
_ 


Package 
Type 
Temperature 
Generic Number 


Plastic 
O°C to 70°C 
MC6805S2P 


P Suffix 
- 40°C 
to B5°C 
MC6805S2CP 


Ceramic 
O°C to 70°C 
MC6805S2L 


L Suffix 
- 40°C 
to B5°C 
MC6805S2CL 


Cerdip 
O°C to 70°C 
MC6805S2S 
S Suffix 
- 40°C 
to 85°C 
MC6805S2CS 


• 


SECTION 
10 
MECHANICAL 
DATA 


VSS 
1 
NUM 


TIMER 
A/PCO 
EXTAL 
• 


TIMER 
B/PCl 
XTAL 


VSTBy/AN4/INT2/PD6 
4 
INTl 


VRH/PD5 
5 
VDD 


VRL/PD4 
6 
RESET 


AN3/PD3 
7 
PA7 


AN2/PD2 
PA6 


AN1/PDl 
PA5 


ANO/PDQ 
PM 


SPISS/PBO 
11 
PA3 


SPICL/PBl 
PA2 


SPIO/PB2 
PAl 


SPIO/PB3 
PAO 


@ MOTOROLA 


The 
MC6805T2 
Microcomputer 
Unit 
(MCU) 
with 
PLL logic 
is a 
member of the M6805 HMOS Family of low-cost single-chip microcom- 
puters. This 8-bit microcomputer 
contains a CPU, on-chip clock, ROM, 


RAM, I/O, timer, and the PLL logic for an RF synthesizer. It is designed 
for the user who needs an economical 
microcomputer 
with the proven 
capabilities of the M6800-based instruction 
set. as well as the necessary 


logic required for frequency 
synthesis applications. 
The following 
are 
some of the hardware and software 
highlights 
of the MC6805T2 MCU. 


HARDWARE 
FEATURES 
• 
8-Bit Architecture 


• 
64 Bytes of RAM 


• 
Memory 
Mapped I/O 


• 
2500 Bytes of User ROM 


• 
Timer Start/Stop 
and Source Select 


• 
19 TTl/CMOS 
Compatible Bidirectional 
I/O Lines IEight Lines are 
LED Compatible) 
. 


• 
On-Chip Ciock Generator 


• 
Zero-Crossing 
Detection 


• 
Self-Check 
Mode 


• 
Master Reset 


• 
Complete 
Development 
System Support 
on EXORciser 


• 
5 V Single Supply 


• 
14-Bit Binary Variable Divider 


• 
la-Stage 
Mask-Programmable 
Reference Divider 


• 
Three-S tate Phase and Frequency Comparator 


• 
Suitable for TV Frequency Synthesizers 


SOFTWARE 
FEATURES 


Similar to M6800 
Byte Efficient 
Instruction 
Set 
Easy to Program 
True Bit Manipulation 
Bit Test and Branch Instructions 
Versatile Interrupt 
Handling 
Versatile Index Register 
Powerful 
Indexed Addressing 
for Tables 
Full Set of Conditional 
Branches 


Memory Usable as Registers/ Flags 
Single Instruction 
Memory 
Examine/Change 
10 Powerful Addressing 
Modes 
All Addressing 
Modes Apply to ROM, RAM, and I/O 


USER SELECTABLE 
OPTIONS 
• 
Internal8-Bit 
Timer with Selectable Clock Source (External Timer 


Input or Internal Machine Clock) 


• 
Timer Prescaler Option (Seven Bits 2n) 


• 
Eight Bidirectional 
I/O Lines with TTL or TTl/CMOS 
Interface 
Option or Open-Drain 
Drive 


• 
Four Vectored 
Interrupts; 
Timer, Software, 
and two External 


• 
Low Voltage Inhibit Option 


8-BIT 


MICROCOMPUTER 
WITH 
PLL LOGIC 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
719 


ifI~ 
~VU~USU:FFIX 


PLASTIC 
PACKAGE 


CASE 
710 


RESET 


PA7 


PA6 


PA5 


PA4 


PA3 


PA2 


PAl 


PAD 


PB7 


PB6 


PB5 


PB4 


PB3 


VSS 


INT 


VCC 


EXTAL 


XTAL 


NUM 


~COMP 


PCD/TiMER 


PCl 


PC2 


I 


Port 
PAO 
PCO/TIMER 
C 


Port 
PAl 
Accumulator 
Data 
Port 
PCl 
1/0 
PA2 
Data 
PC2 
A 
PA3 
Dir. 
8 
A 
CPU 
Dir. 
C 
Lines 


1/0 
PM 
Reg. 


Control 
Reg. 
Reg. 


Lines ~~~ 
Index 


PA7 
8 
Register 


X 


Condition 
Code 
• 


Register CC 
CPU 
Stack 
Pointer 
SP 


PBO 
Program 
Frequency 


Port 
PBl 
Counter 
Input 
B 
PB2 
Port 
Data 
High PCH 
fin 
PB3 
B 
Oir. 
4 
ALU 
1/0 
PB4 
Reg. 
Reg. 
Phase 
Lines PB5 
Comparator 
PB6 
PB7 
8 
.pCOMP 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage IExcept Pin 61 
Vin 
0.3 to + 7.0 
V 


Operating Temperature 
Range 
TA 
o to + 70 
°c 


Storage Temperature 
Range 
Tstg 
-55 to +150 
°c 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
Plastic 
120 
Ceramic 
8JA 
50 
°C/W 


Cerdip 
60 


This device contains circuitry to protect 
the 


inputs 
against 
damage 
due 
to 
high 
static 
voltages or electric fields, however, 
it is ad- 
vised 
that 
normal 
precautions 
be taken 
to 
avoId application 
of any voltage higher than 
maximum 
rated 
voltages 
to 
this 
high- 


impedance 
circuit. 
For proper operation 
it IS 


recommended 
that 
Vin 
and 
Vout 
be con- 


strained 
to the 
range 
VSS::s:IVin 
or Vout) 


::s: VCC. Reliability of operation is enhanced If 
unused inputs are tied to an appropriate logic 
voltage levelle.g., either VSS or VCCI. 


The average chip-junction 
temperature, 
TJ, in °c can be obtained 
from: 


TJ = TA (POo8JAI 
111 


Where: 


TA" 
Ambient 
Temperature, 
°c 


8JA - Package Thermal Resistance, Junction-to-Ambient, 
°C/W 


PO-PINT+PPORT 
PINT "'ICC x VCC, Watts 
- 
Chip Internal Power 
PPORT" 
Port Power Oissipation, 
Watts 
- 
User Oetermined 


For most applications 
PPORT<cPINT and can be neglected. 
PPORT may become significant 
if the device is configured 
to 


drive Oarlington 
bases or sink LEO loads. 


An approximate 
relationship 
between Po and TJ lif PPORT is neglected) 
is: 


PO= K + IT J + 273°CI 
121 


Solving equations 
1 and 2 for K gives: 


K = POolT A + 273°CI + 8JAoP02 
(3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po lat equilibrium) 
for a known TA- Using this value of K the values of Po and TJ can be obtained by solving equations 111and 12)iteratively for any 
value of TA. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 


RESET 14.75:sVCC:s5.751 
4.0 
- 
VCC 


IVCC<4.751 
VCC - 05 
- 
VCC 


INT 
14.75:s VCC :s5.751 
VIH 
40 
· 


VCC 
V 


IVCC<4.751 
VCC-05 
· 


VCC 


All Other Except fin 
20 
- 
VCC 


Input 
HIgh Voltage 
<f>COMP 
Normal Mode 
VIH 
- 
- 
VCC+ 
1 
V 


Self-Check 
Mode 
- 
10.0 
10.0 


Input Low Voltage 


RESET 
VSS 
- 
08 


(NT 
VIL 
VSS 
· 


1 5 
V 


All Other Except fin 
VSS 
- 
0.8 


INT Zero-Crossing 
Input Voltage, 
through a Capacitor 
VINT 
20 
- 
4.0 
Vac p-p 


Internal Power Dissipation 
- 
No Port Loading, 


VCC~575 
V. TA=O'C 
PINT 
- 
400 
- 
mW 


Input Capacitance 
XTAL 
Cin 
- 
25 
- 
pF 


All Others 
- 
10 
- 


AC Coupled Input Voltage 
Swing on fin 
VFIP 
05 
12 
- 
Vac POp 


Input Current (VIH - VCC' 
on Pin 11 (fin' 
IFH 
40 
"A 


Output 
Low 
Current 
1VOL - 1.0 VI on Pin 7 (<f>COMPI 
ICML 
300 
"A 


Output 
HIgh Current 
1VOH - VCC - 1 VI on P,n 7 I<f>COMPI 
ICMH 
- 
200 
"A 


Leakage 
Current 
IV,n= 
VCC) on P,n 7 I<f>COMP) 
IOFF 
- 
2 
- 
nA 


RESET HysteresIs Voltage 
(See Figures 10 and 11l 
"Out 
of Reset" 
VIRES + 
2.1 
- 
40 
V 


"Into 
Reset" 
VIRES - 
0.8 
- 
20 


Input Current 
TIMER 
IVin~O.4 
VI 
- 
- 
20 


INT 
IV,n=04VI 
- 
20 
50 


EXTAL 
IV,n= 
24 
V to VCCI 
I,n 
- 
- 
10 
"A 
IV,n=04VI 
- 
- 
-1600 


RESET (Vin=O.8 
Vl (External Capacitor Charging Currentl 
-4.0 
- 
-40 


Low Voltage 
Receiver 
VLVR 
- 
- 
475 
V 


Low Voltage Inhibit 
aoc to 70°C 
VLVI 
275 
35 
- 
V 


- 40'C 
to 85'C 
31 
35 
- 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator Frequency 
fosc 
0.4 
- 
4.2 
MHz 


Cycle Time 14/loscl 
tcyc 
095 
10 
"s 


INT and TIMER 
Pulse Width 
ISee TIMER 
and INTERRUPT 
SectIons) 
tWH.tWL 
tcyc+ 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcyc+ 
250 
- 
- 
ns 


RESET Delay Time 
IExternal 
Capacitance-l 
OI'FI 
tRHL 
- 
100 
- 
ms 


Input Frequency 
f,n 
1 
- 
16 
MHz 


Input Frequency 
Rise Time (fin 
maxl 
tlNR 
20 
ns 


Input Frequency Fall Time (fin = maxi 
lJNF 
- 
- 
20 
ns 


Duty 
Cycle of f,n 
40 
- 
60 
% 


Injection Pulse Active Time 
tERR 
- 
70 
- 
ns 


TNT Zero-Crossing 
Detection 
Input Frequency 
'iNT 
0.03 
- 
10 
kHz 


External 
Clock 
Input 
Duty 
Cycle IEXTALI 
- 
40 
50 
60 
% 


I 


I 


Characteristic 
I Symbol I 
Min 
I 
Typ 
Max 
I 
Unit 


Port A with 
CMOS Drive Enabled 


Output 
Low Voltage. 
ILoad ~ 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage. 
ILoad= 
-100 
pA 
VOH 
2.4 
- 
- 
V 


Output 
High Voltage. 
ILoad= 
-10 
pA 
VOH 
VCC+l 
- 
- 
V 


Input High Voltage. 
ILoad= 
-300 
pA Imax! 
VIH 
20 
- 
VCC 
V 


Input Low Voltage. 
ILoad- 
- 500 pA Imax! 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current IVin~2.0 
V to VCCI 
IIH 
- 
- 
-300 
pA 


Hi-Z State Input Current (Vin - 0.4 Vl 
IlL 
- 
- 
-500 
pA 


Port B 


Output 
Low Voltage. 
ILoad= 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output 
Low Voltage. 
ILoad - 10 mA (sink! 
VOL 
1.0 
V 


Output 
High Voltage. 
ILoad- 
- 200 pA 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Dnve (Source), 
VO-1.5 
V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
10 
pA 


Port C and Port A with CMOS Drive Disabled 


Output 
Low Voltage. 
ILoad~ 
1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage. 
ILoad- 
-100 
pA 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


Hi·Z State Input Current 
ITS 1 
- 
2 
10 
pA 


TestPoint~ 


130 
pF ITotall 


XTAL 
AND 
EXTAL 


These 
pins 
provide 
control 
input 
for 
the 
on-chip 
clock 


oscillator 
cirCUlI. 
A crystal 
or an external 
signal 
can 
be con- 


nected 
to 
these 
pins 
to 
provide 
input 
to 
the 
internal 


oscillator. 
Lead 
length 
and 
stray 
capacitance 
on 
these 
two 


pins 
should 
be 
minimized. 
Refer 
to 
INTERNAL 
OSCILLATOR 
for 
recommendations 
about 
these 
pins. 


The input 
and output 
signals 
for the MCU 
are described 
in 
the 
following 
paragraphs. 


VCC 
AND 
VSS 


Power 
is supplied 
to the 
MCU 
using 
these 
two 
pins. 
VCC 


is power 
and 
VSS 
is the 
ground 
connection. 
fin 


This 
pin 
provides 
the 
high 
frequency 
digital 
input 
to 
the 
variable 
divider 
portion 
of the on-chip 
frequency 
synthesizer. 


The 
reference 
frequency 
for 
the 
phase 
lock 
loop 
is divided 


down 
from 
the crystal 
oscillator. 
Refer 
to the PHASE 
LOCK 
LOOP 
for 
details 
on the frequency 
synthesizer 
features. 


INT 


This 
pin provides 
the capability 
for asynchronously 
apply- 
ing an external 
interrupt 
to the MCU. 
Refer 
to INTERRUPTS 


for additional 
information. 


",COMP 
This three-state output is the result of comparing the inter- 
nal reference frequency 
to the variable divider signal. Refer 
to PHASE LOCK LOOP for details. In self-check, ",COMP is 
raised to =9 Volts. 


mented 2698 of these memory locations. 
This consists of: 


2508 bytes user ROM, 116 bytes self-check ROM, 64 bytes of 
user RAM, six bytes of port I/O, two timer registers, and two 
PLL registers. The user ROM is split into two areas. The first 
area begins at memory location $080 and continues through 
$7FF. The lower 128 bytes of this ROM area (part of page 
zero) allows the user to access ROM locations utilizing the 
direct 
and 
table 
look-up 
indexed 
adressing 
modes. 
The 
second user ROM area begins at memory location $D40 and 
continues 
through $F83. The last eight user ROM location., 


at the top of memory, are for the interrupt 
vectors. 


The MCU reserves the first 16 memory locations 
for I/O 
features, of which 
10 have been implemented. 
These loca- 


tions are used for the ports, the port DORs, the timer, and 
the PLL registers. 


Sixty-four 
bytes of user RAM are provided. 
Of the 64 
bytes, 31 bytes are shared with 
the stack area. The stack 
must be used with care when data shares the stack area. 


The shared stack area is used during 
the processing 
of 
interrupt 
and subroutine 
calls to save the processor state. 


The register contents are pushed onto the stack in the order 
shown in Figure 6. Since the stack pointer decrements dur- 
ing pushes, the low order byte IPCl) of the program counter 
is stacked 
first; 
then the high order 
four 
bits fPCH) 
are 
stacked. 
This ensures that the program counter 
is loaded 
correctly 
following 
pulls from 
the stack, 
since the stack 
pointer 
increments 
when 
it pulls data from 
the stack. 
A 
subroutine 
call results in only the program 
counter 
fPCH, 
PCl) 
contents 
being pushed onto the stack, the remaining 


CPU registers are not pushed. 


RESET 


A low voltage level on this Schmitt trigger input will reset 


the MPU. Refer to RESETS for additional 
information. 


NUM 


This pin is not for user application and must be connected 
to VSS. 


INPUT/OUTPUT 
LINES (PAO-PA7, PBO-PB7, PCo-PC2) 


These 19 lines are arranged into two 8-bit ports IA and BI 


and one 3-bit port ICI. All lines are programmable 
as either 
inputs or outputs 
under software 
control of the data direc- 
tion registers. Refer to INPUT/OUTPUTS 
for additional 
in- 


formation. 
The PCOITIMER pin also serves as an external in- 


put to the internal timer. Refer to the TIMER section for in- 
formation 
on the timer modes. 


The MCU memory is configured as shown in Figure 5. The 


MCU is capable of addressing 4096 bytes of memory and I/O 
registers with 
its program 
counter. 
The MCU 
has imple- 


0 
4 
0 


0 
1/0 
Ports, 
RAM, 
SOOO 
0 
PortA 
Data 
SOOO 


'-'"'"{ 


PLL. Timer 


Access with 
127 
1128 bytes) 
S07F 
Port B Data 
S001 


Short 
128 
S080 
Port C 


Instructions 
Page Zero 
S002 


User 
ROM 
Data 


255 
1128 bytes) 
SOFF 
3 
NOT 
USED 
S003 


256 
S100 


User 
ROM 
\ 


4 
Port A DDR 
SOO4" 


11792 bytes) 
Port 
8 DDR 
2047 
S7FF 
SOO5" 


2048 
$800 
6 
NOT USED 
Porte 
DDR" 
SOO8" 


NOT USED 
S007 


Not 
Used 
SOO6 


11344 bytes) 
8 
Timer Data Register 


9 
Timer Control Register 
SOO9 


3391 
10 
Variable DiVIder 
LSB 
SOOA 


3392 
11 
ROM 
Variable Divider MSB 
S008 


1580 bytes) 
12 
NOT 
USED 
$OOC 
3971 
3972 
Self-Check 


152 bytes) 
S03F 


ROM 
User 
RAM 
S040 


4087 
1116 bytes) 


SFF7 
164 bytes) 


4088 
SFF8 


Interrupt Vectors (8 bytes) 
St,ck 


4095 
SFFF 


(31 bytes maximum) 


127 
S07F 


.•.Caution: Data direction registers (DORs) are write-only; 
they read as SFF. 


• 


• 


6 
0 
Pull 


ConditIon 
n -4 
Code 
Register 
n + 1 


n -3 
Accumulator 
n +2 


n -2 
Index Register 
n +3 


n -1 
1 1 
PCH" 
n +4 


PCL" 
n + 5 


The MCU has five registers available to 1he programmer. 


They are shown in Figure 7 and are explained in the following 
paragraphs. 


ACCUMULATOR 
(A) 


The accumulator is a general purpose 8-bit register used to 


hold operands and results of arithmetic calculations or data 
manipulations. 


INDEX REGISTER IX) 
The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit value that may be 
added to an instruction value to create an effective address. 
The index register can also be used for data manipulations 
using the read/modify/write 
instructions. The index register 
may also be used as a temporary storage area. 


PROGRAM COUNTER (PCI 


The program counter is a 12-bit register that contains the 
address of the NEXT 
instruction to be executed. 


STACK POINTER ISP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. Initially, the 
stack pointer is set to location $07F and is decremented as 
data is being pushed onto the stack and incremented as data 
is being pulled from the stack. The seven most-significant 
bits of the stack pointer are permanently set to 0סס oo11. Dur- 
ing an MCU reset or the reset stack pointer IRSP! instruc- 
tion, the stack pointer is set to location $07F. Subroutines 
and interrupts 
may be nested down to location $061 131 


bytes maximum) which allows the programmer to use up to 
15 levels of subroutine calls. A subroutine call occupies two 
RAM bytes on the stack, while an interrupt uses five RAM 
bytes. 


0 
I Accumulator 


0 
I Index Register 


0 
I Program 
Counter 


0 
I Stack 
Pointer 


11 
I 
PCH 


11 


10 I 0 I 0 I I 0 I 


Carry/Borrow 


Zero 


Negative 


Interrupt 
Mask 


Half Carry 


CONDITION CODE REGISTER (CCI 
The condition code register is a 5-bit register in which four 


bits are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each in- 
dividual condition code register bit is explained in the follow- 
ing paragraphs. 


HALF CARRY (H) - 
Set during ADD and ADC instruc- 


tions to indicate that a carry occurred between bits 3 and 4. 


INTERRUPT (I) - 
This bit is set to mask Idisable! the 
timer and external interrupt 
IINTI. 
If an interrupt 
occurs 
while this bit is set, the interrupt is latched and is processed 
as soon as the interrupt bit is cleared. 


NEGATIVE (N) - 
Used to indicate that the result of the 
LAST arithmetic, logical, or data manipulation was negative 
Ibit 7 in result equal to a logic one!. 


ZERO (Z) - 
Used to indicate that the result of the LAST 
arithmetic, logical, or data manipulation was zero. 


CARRY/BORROW 
IC) - 
Used to indicate that a carry or 


borrow out of the arithmetic logic unit IALU) occurred dur- 
ing the LAST arithmetic operation. This bit is also affected 
during 
bit 
test and branch 
instructions 
plus shifts 
and 


rotates. 


The MC6805T2 timer circuitry is shown in Figure 8. The 
8-bit counter may be loaded under program control and is 
decremented toward zero by the clock input Iprescaler out- 
put). When the timer reaches zero the timer interrupt request 


</>2 


IlntemanB 
r- 
-, 


I 
I 
I 
I 
I 


peOITIMER 
L_ 
_ J 


Pin 


TCR5 


r---, 
I 
I 


I 
I 
I 
I 


L 
...J 


Manufacturing 
Mask Option 


bit Ibit 71 in the timer control register ITCRI is set. The timer 
interrupt can be masked Idisabled) by setting the timer inter- 
rupt mask bit Ibit 6) in the TCR. The interrupt 
bit II bitl in the 
condition 
code register also prevents a timer interrupt 
from 
being processed. The MCU responds to this interrupt by sav- 
ing the present CPU state on the stack, fetching 
the timer 


interrupt 
vector from locations $FF8 and $FF9 and executing 


the interrupt 
routine; see INTERRUPTS. 
The timer interrupt 


request bit ITeR7) must be cleared by software. 


The clock input to the timer is established via bit 5 lTCR51 
in the timer control 
register. When 
this bit is set lexternal 


model, the timer clock source is the PCOITIMER pin. In this 
mode a mask option is used to select either the </>2gated with 
PCOITIMER 
or the positive 
transition 
on PCO/TIMER 
as 


timer clock source. This allows easily performed pulse width 
or pulse count 
measurements. 
When 
TCR5 is low, 
logic 
zero, the timer clock source is the internal 
<1>2. 
8it 4 in the timer control register lTCR41 disables the timer 
clock source when set to logic one. 


The maximum frequency of a signal that can be recogniz- 


ed 
by 
the 
PCOITIMER 
pin 
logic 
is dependent 
on 
the 
parameter labeled tWL, 
tWH. 
The pin logic that recognizes 


the high lor lowl state on the pin must also recognize the low 
(or high 1 state on the pin in order to "re-arm" 
the internal 
logic. 
Therefore, 
the period can be calculated 
as follows: 
(assumes 50/50 duty cycle for a given period!. 


tcyc 
x 2 + 250 ns = period = -f1req 


The period is not simply tWL + tWH. 
This computation 
is 
allowable, 
but it does reduce the maximum 
allowable 
fre- 
quency 
by 
defining 
an 
unnecessarily 
long 
period 
1250 


nanoseconds 
twicel. 
When the <1>2 signal is used as the source, it can be gated 
by an input applied to the PCOITIMER input pin allowing the 
user to easily perform pulse-width 
measurements. 
INote: for 


ungated 
<1>2 
clock 
inputs 
to 
the 
timer 
prescaler, 
the 


TImer 


Interrupt 


Mask 


PCOITIMER pin should be tied to VCc.l 
The source of the 
clock input is one of the mask options that is specified before 
manufacture 
of the MC6805T2. 
A prescaler option, 
divide by 2n, can be applied to the 


clock input that extends the timing interval up to a maximum 
of 128 counts before decrementing 
the counter. This prescal- 
ing mask option is also specified before manufacture. 


The t,mer continues 
to count past zero, falling through 
to 
$FF from 
zero, and then continuing 
to count. 
Thus, 
the 
counter 
can be read at any time by reading the timer data 
register 
ITDR!. 
This allows 
a program 
to 
determine 
the 
length of time since a timer interrupt 
has occurred, 
and not 
disturb the counting 
process. 


At power-up 
or reset, the prescaler and counter 
are in- 
itialized with 
all logic ones; the timer interrupt 
request bit 


lTCR71 is cleared; the timer interrupt 
mask bit lTCR6) is set; 
the external timer source bit lTCR51 is cleared and the timer 
disable bit lTCR41 is cleared. 


The self-check capability of the MCU provides an internal 
check to determine 
if the part is functional. 
Connect 
the 


MCU as shown in Figure 9 and monitor the output of Port C 
bit 3 for an oscillation of approximately 
3 hertz. A 9-volt level 
on the <l>COMPinput, pin 7, energizes the ROM-based self- 
check feature. 
The self-check 
program exercises the RAM, 


ROM, timer, interrupts, 
and I/O ports. 


The MCU is reset whenever the RESET input line senses a 
logic zero. This can be accomplished 
in two different 
ways: 
111during 
power-up 
when a capacitor 
is used to hold the 
RESET pin low for a specified time ItRHLI; 
and (2) any time 


after power-up that the RESET line falls to a logic zero for a 
period longer than one tcyc. See Figures 10 and 11 


• 


The internal circuit connected to the RESET pin consists 
of a Schmitt trigger which senses the RESETline logic level. 
The Schmitt trigger provides an internal reset voltage if it 
senses a logic 0 on the RESET pin. During power-up, the 
Schmitt 
trigger 
switches 
on (removes reset) when 
the 
RESET pin voltage rises to VIRES+. 
When the RESET pin 
voltage falls to a logic 0 for a period longer than one tcyc, the 
Schmitt 
trigger switches off to provide an internal reset 
voltage. The "switch 
off" 
voltage occurs at VIRES _. 
A 
typical reset Schmitt 
trigger hysteresis curve is shown in 
Figure 111bl. 


Upon power-up, a delay of tRHL is needed before allowing 
the reset input to go high. This time allows the internal clock 
generator to stabilize. Connecting a capacitor to the RESET 
input, as shown in Figure lllal, 
will provide sufficient delay. 


See Figure 15under INTERRUPTS for the complete reset se- 
quence. 


The internal oscillator circuit has been designed to require 
a minimum of external components. The use of a crystal or 
an external signal may be used to drive the internal oscillator. 
The different connection methods are shown in Figures 12 
and 13 The crystal specifications and suggested PC board 
layout are given in Figure 14. 
The crystal oscillator startup time is a function of many 
variables: crystal parameters lespecially Rs), oscillator load 
capacitances, IC parameters, ambient temperature, and sup- 
ply voltage. To ensure rapid oscillator startup, neither the 
crystal 
characteristics 
nor 
the 
load capacitance 
should 


exceed 
recommendations. 


The MC6805T2 MCU can be interrupted three different 
ways: through 
the external interrupt 
liNT) 
input pin, the 


internal 
timer 
interrupt 
request, 
or 
the 
software 
interrupt 
instruction ISWI). When any interrupt occurs, processing is 
suspended, the present CPU state is pushed onto the staCk, 
the interrupt bit (I) in the condition code register is set, the 
address of the interrupt routine is obtained from the appro- 


priate 
interrupt 
vector 
address, 
and tn-e interrupt 
routine 
is 
executed. Stacking the CPU registers, setting the I bit, and 
vector fetching requires a total of 11tcyc periods for comple- 


tion. 
A flowchart of the interrupt sequence is shown in Figure 
15. The interrupt service routine must end with a return from 
interrupt instruction IRTII which allows the MCU to resume 
processing of the program prior to the interrupt Iby unstack- 
ing the previous CPU state). 


Unlike RESET, hardware interrupts do not cause execu- 


tion of the current instruction to be halted. Hardware inter- 
rupts are considered pending until execution of the current 
instruction 
is complete. 


As shown in Figure 15, when execution of the current 
instruction 
is complete, 
the processor checks all pending 


hardware interrupts and if unmasked II bit = 01, proceeds 


with 
interrupt 
processing; 
otherwise. 
the 
next 
instruction 
is 
fetched and executed. Masked interupts are latched inter- 
nally for later interrupt service. 


If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external inter- 
rupt is serviced first. The SWI Isoftware interrupti 
instruc- 


tion is executed as any other instruction and as such will take 
precedence over hardware interrupts only if the I bit is set 
(interrupts masked!. 


Table 1 shows the execution priority of the RESET, INT 
and timer interrupts, and instructions lincluding the software 
interrupt, SWII. Two conditions are shown, one with the I 
bit set and the other with I bit clear; however, in either case 
RESET has the highest priority of execution. If the I bit is set 
as per Table lIa), the second highest priority is assiqned to 
any instruction including SWI. This is illustrated in Figure 15 
which shows that the INT or timer interrupts are not tested 
when the I bit is set. If the I bit is cleared as per Table lIbl, 
the priorities change in that the next instruction (including 
SWII is not fetched until after the INT and timer interrupts 
have been tested land servicedl. Also, when the I bit is clear, 
if both INT and timer interrupts are pending, the INT inter- 
rupt is always serviced before the timer interrupt. 


The external interrupt is internally synchronized and will 


set a latch on the falling edge of INT. A sinusoidal input 
signal IflNT maximuml can be used to generate an external 
interrupt, as shown in Figure 161alfor use as a zero-crossing 
detector with hystersis included. This allows for applications 
such as time-of-day routines and engaging/ disengaging ac 
power control devices. As shown in Figure 17lal, off-chip 
clamping limits the ac input to the VINT specification while 
still providing an interrupt at every zero crossing of the ac 
signal. 


For digital applications, as shown in Figure 161bl, the INT 
input can be driven directly by a digital signal. The maximum 
frequency of a signal that can be recognized by the INT pin 
logic is dependent on the parameter labeled tWL, tWH. The 
logic that recognizes the high (or lowl state on the pin must 
also recognize the low (or high) state on the pin in order to 
"re-arm" 
the internal logic. Therefore, the period can be 
calculated as follows: (assumes 50/50 duty cycle for a given 
period!. 


The period is not simply tWL + tWH. This computation 
is 
allowable, but it does reduce the maximum allowable fre- 
quency by defining 
an unnecessarily longer period 1250 


nanoseconds twice). 
For the INT function, 
the maximum 


allowable 
frequency 
is also determined 
by the software 


response of the INT service routine. 
A software interrupt 
ISWI) is an executable instruction 
which is executed regardless of the state of the I bit in the 
condition code register; however, if the I bit is clear, a soft- 
ware interrupt lor any other instructionl cannot be executed 
until after the INT and timer interrupts have been serviced. 
SWls are usually used as breakpoints for debugging or as 
system calls. 


Internal 
Reset 


Part of 
MC6805T2 
MCU 


(bl Typical Reset Schmitt Trigger Hysteresis 


Out 
of Reset 


• 


External 
Clock 
Input 


NOTE: 
The 
recommended 
value 
of both 
CL' 
and CL2 with 
a 4.0 
megahertz 
crystal 
is 27 
picofarads 
maximum, 
including 
system 
distributed 
capacitance. 
For 
crystal 
frequencies 
other than 4 megahertz. 
the total capacitance 
on each pin 
should be scaled as the inverse of the frequency 
ratio. For 
example, 
with a 2-megahertz 
crystal. use approximately 
50 
picofarads for both eU and CL2. The exact value depends 
on the motional+arm parameters of the crystal used. 


C, 


~~EXTAL'~W4 


AT - 
Cut Parallel Resonance Crystal 
CO= 7 pF Max. 
FREQ=4.0 
MHz 
@ CL1 and CL2=24 
pF 
RS=50 
ohms 
Max. 


1-llln 
CCI 
07F- 
SP 
O-DDRs 
CLR iN'f 
Logic 
FF-Timer 


7F - 
Prescaler 


7F-TCR 
3FFF - 
PLL Var 
Div. 


Clear 
INT 


Request 


Latch 


Load PC 


from 
FFE/ FFF 


There are 19 input/output 
pins. (The INT pin may also be 


polled with branch instructions to provide an additional input 
pin.1 All pins !Ports A, B, and CI are programmable as either 
inputs or outputs under software control of the correspond- 
ing data direction registers IDDRI. The port I/O program- 
ming is accomplished by writing the corresponding bit in the 
port DDR to a logic 1 for output or a logic 0 for input. On 
reset all DDRs are initialized to a logic 0 state to put the ports 
in the input mode. The port output registers are not initializ- 
ed on reset and should be initialized before changing the 
DDR bits to avoid undefined levels. When programmed as 
outputs, all I/O pins read the latched output data, regardless 
of the logic levels at the output pin due to output loading; 
see Figure 17. When Port B is programmed for outputs, it is 
capable 
of 
sinking 
10 milliamperes 
and 
sourcing 
one 


milliampere on each pin. 


Vector 


Interrupt/lnstruction 
Priority 
Address 


RESET 
1 
SFFE-SFFF 


SWI 
(or Other Instruction) 
2 
SFFC-SFFD 


NOTE· 
INT and Timer Interrupts are not tested when the I bit is set; 
therefore, 
they are not shown. 


Vector 
Interrupt/ Instruction 
Priority 
Address 


RESET 
1 
SFFE-$FFF 


INT 
2 
SFFA-SFFB 


Timer 
3 
SFFB-SFF9 


SWI (or Other Instruction) 
4 
SFFC-SFFD 


• 


• 


AC 
Input 


IfINT 
Max.) 
Asl 
MO 


AC Input 
•• 


10 Vpp 


TTL 
Level 
Digital 
Input 


lJ 


Data 
Direction 
Register 
Bit* 


Latched 
Output 
Data 
Bit 


Data 


Direction 
Output 
Input 


Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
3-5tate* * 
Pin 


* DDA is a write-only 
register 
and reads as all 1s 
*.Ports A (with 
CMOS drive disabledl, 
8, and C are three-state 
ports. 
Port A has optional 
internal 
pullup devices to provide 
CMOS drive 
capability. 
See Electrical 
Characteristics 
tables for complete 
information 


All input/output 
lines are TTl 
compatible as both inputs 
and outputs. Ports Band C are CMOS compatible as inputs. 
Port A may be made CMOS compatible as outputs with a 
mask option. Figure 18 provides some examples of port con- 
nections. The address map in Figure 5 gives the address of 
the data registers and DDRs. The register configuration 
is 
shown in Table 2. 


Caution 


The corresponding DDRs for ports A, B, and 
C are write-only 
registers (registers at $004, 
$005, and $0061. A read operation on these 
registers is undefined. Since BSET and BClR 
are read/modify/write 
functions, 
they cannot 


be used to set or clear a DDR bit lall "unaf- 
fected" bits would be setl. It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 
The latched output data bit (see Figure 171 


may always be written. Therefore, any write to a 


port writes all of its data bits even though the 
port DDR is set to input. This may be used to in- 
itialize the data registers and avoid undefined 
outputs; however, care must be exercised when 
using read/modify/write 
instructions since the 


data read corresponds to the pin level if the DDR 
is an input 101and corresponds to the latched 
output data when the DDR is an output 111. 


The Pll 
section consists of: 
a 14-bit binary variable 


divider, a fixed 10-stage divider, a digital phase and fre- 
quency comparator with a three-state output, and circuitry 
to avoid "backlash" effects in phase lock conditions. 
With a suitable high-frequency 
prescaler and an active 


integrator the user can easily establish a frequency syn- 
thesizer system driving a voltage controlled 
oscillator, as 
shown in Figure 19. The equations governing the Pll 
are 


given in Figure 20. 


Port A Addr = $000 
Port 
B Addr= 
$001 
Port C Addr = $002 


PORT DATA 
REGISTER 


7 


(1) Write 
Only; reads as all 1s 
121 I = Output, 
0= Input. 
Cleared 
to 0 by Reset. 


131 Port A Addr = $004 
Port B Addr = $005 
Port C Addr = $006 


o 


_____ 
1 


TIMER DATA 
REGISTER ITDRI 


$008 
7 
o 


LSB 
I 


TIMER CONTROL 
REGISTER ITCRI 


$009 
7 
6 


TCR Bits 0, 1,2, 
and 3 read as Is Inot 
usedl. 


TCR4- 
Disable Timer: 
1= Timer 
Stopped. 
0= Timer 
Allowed 
to Count. 
Cleared to 0 by Reset. 


TCR5- 
External Timer Source: 1= External. 0= Internal 
<1>2Cleared 
to 0 by Reset. 


TCR6- 
Timer 
Interrupt 
Mask 
BIt: 
1 = timer 
mterrupt 
masked 
Idisabled!. 
Set to 1 by Reset. 


TeR7 - Timer 
Interrupt 
Request 
Status 
Bit: Set when 
TDR goes to zero, must be cleared by software. 
Cleared 
to 0 by Reset. 


• 


•• 


FIGURE 18 - 
TYPICAL 
PORT CONNECTIONS 


lal Output 
Modes 


PA7 
27 
ICMOS 
Loads! 


PA6 
26 
PB7 
19 
t 10= HFEolb 


PA5 
25 
PB6 
lB 


PA4 
24 
11TTL Loadl 
PB5 
17 
...- 
PB4 
16 


_Ib 
PA3 
23 
1.6mA 
1.0mA 


PA2 
22 
PB3 
15 
2N8386 
IT yplcall 


PAl 
21 
PB2 
14 


PAO 
20 
PBl 
13 


PBO 
12 


Port A, Bit 7 Programmed as Output, 
Driving 
CMOS 
Loads and Bit 4 Driving 
one TTL Load 
Directly (using CMOS 
output optionl. 


+V 


PB7 
19 


PB6 
lB 


PB5 
17 


PB4 
16 


PB3 
15 
10 mA 


PB2 
14 
lmaxl- "" 
",-" 
PB1 
13 


PBO 
12 


_lOmA 
Imaxl 


PC2 


PCl 


PCO/TIMER 


MCl4069 


ITYP~,cali 
10 
PC2 


: 
9 
PC1 


B 
PCO/TIMER 


SN74LS04 
lTypicali 


CMOS and TTL Driving 
Port C Directly. 


Port 8. Bit 5 Programmed as Output, 
Driving 
Darlington-Base 
Directly . 
+v 


CMOS 
Inverters 
MCl4049/MCl4069 


ITypicali 


Port C, Bits 0-2 Programmed as Output, 
Driv- 


ing 
CMOS 
Loads, 
Using 
External 
Pullup 
Resistors. 


SN74LS04 
or 
MCl4069 
lTypicali 


VARIABLE 
DIVIDER 


The variable divider is a 14-bit binary down counter which 
communicates 
with 
the epu via two 
read/write 
registers 
located at address $OOA, for the LS byte, and $OOB,for the 
MS byte. The upper two bits in register $OOB,always read as 
logic 1s. When the variable divider count has reached zero a 
preset pulse, fVAR, 
is generated. 


The fVAR signal is applied to the phase comparator 
circuit 
together 
with 
the fREF signal. 
The phase/frequency 
dif- 


ference, between the two signals, results in an error signal 
output 
l</>eOMP, pin 71 which controls 
the veo 
frequency. 


In addition, 
the fVAR pulse is also used to reload the 14-bit 
variable divider latch as shown in Figure 21 


Data transfers from registers $OOAand $OOBto the latch 


occur outside the preset time and only during a write opera- 
tion performed 
on register $OOA. For example; a 6-bit data 
transfer 
to register $OOBis only transferred 
to the variable 


divider if followed 
by a write operation to register $OOA. For 
correct operation 
of the variable divider, the absolute value 
of the four lower significant 
bits of the 14-bit binary code 
!loaded into the 14-bit latch) must be less than or equal to 
the absolute value of the upper 10 bits. Figure 22 shows a 
typical manipulation 
of the 14-bit data to the registers. 


The use of the 14-bit latch synchronizes 
the data transfer 
between two asynchronous 
systems, 
namely, the epu and 
the variable divider. 


At power-up 
reset both the variable divider and the con- 
tents of the PLL registers are set to logic 1s. 


The variable frequency input pin, fin, is self biased requir- 
ing an ac coupled signal with a minimum swing of 0.5 V. The 
input frequency range of fin allows the device, together with 
a suitable prescaler, to cover a given frequency 
spectrum. 
For example, with a ~ 64 prescaler the entire television fre- 
quency spectrum can be covered. 


¥VaricapI i;;"tew.t';-j 


I 
I 


11 
fin 
---------- 
-, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


MC6805T2 
I 
- 
...J 


4 


For a system in lock: 


fVAR = fREF 
fVAR=fin+N 
fin~ fVCO+ P 
FVCO= fREFx Px N 


dfVCO 
~=fREFXP 


Example for determining 
minimum 
frequency step: 


fCl =4.00 MHz= Crystal frequency 
fCl/4 = 1.00 MHz= Internal Oscillator frequency 


R = 210= Reference Divider ratio 
P= 64 = Prescaler division ratio 


fREF= 
~ 
= 4x 106 ~9765 Hz 


4x R 
4x 1024 


• 


• 


+ 1024 


+512 


+256 


+ 128 


+64 


+32 


+16 


+8 


+4 


+2 


,-, 
I 
I Manufacturing 


L _ -.J Mask Option 


fREF = 
fCL 
4x(21.22 
•.. 
210) 
'---v----' 


, out of 10 Mask Option 


LDA 
INCA 
8NE 
INC 
INC 


TTl 
PLLHI 
PLLLOW 


PLLLOW 


TT2 
PLLHI 
PLLLOW 


check 
if LS byte= 
$FF (Reg $OOAI 


jf not increment only LS byte 
increment 
MS8 
(Reg $OO8J before 
LS8 


check 
if LS byte= 
$00 
if not decrement 
only LS byte 


decrement 
MS8 
before 
LS8 


REFERENCEDIVIDER 


This 10-stage binary counter generates a reference fre- 


quency, fREF, which is compared to the output of the vari- 
able divider. The reference divider is mask programable, 
thus, allowing the user a choice of reference frequency, see 
Figure 21 


PHASE COMPARATOR 


The phase comparator compares the frequency and phase 


of fVAR and fREF, and according to their phase relationship 
generates a three-level output 
11, 0, 
Hi-Zl, 
q,COMP, as 
shown in Figures 23 and 24. The output waveform is then 


integrated, amplified, and the resultant dc voltage is applied 
to the voltage controlled oscillator varicap. 


In practice a linear characteristic around the steady-state 
region can not be achieved due to internal propagation 
delays. 
Thus, 
phase 
comparators 
exhibit 
non-linear 
characteristics and for systems which 
lock in phase, this 
results in a "backlash" 
effect - 
creating sidebands and FM 
distortion. To avoid this effect a very short pulse is injected 
periodically into the system. The loop, in turn, attempts to 
cancel this interference and in doing so brings the phase 
comparator to its linear zero, as shown in Figures 25 and 26. 


A typical application, for a TV frequency synthesizer, is il- 


lustrated in Figure 27 


• 


1- 


~COMP 
Hi-Z 
0- 


Pulse Injection 
I 


tERR 


TYP' 70 ns 


Pulse InjectIon 
I 


• 


~ 


Idealy/ 
/ 
/ 
/ 


~ 


Ideal"y/ 


/ 
/ 
/ 
/ 


MCl4497 
Remote 
Control 
Transmitter 


The MCU has the ability to set or clear any single random- 


access memory or input/ output bit (except the data direction 
registers, see Caution under INPUT /OUTPUT), with a single 
instruction 
IBSET, BClRl. 
Any bit in page zero including 
ROM, except the DDRs, can be tested, using the BRSET 
and BRClR 
instructions, 
and the program branches as a 
result of its state. The carry bit equals the value of the bit 
referenced by BRSET and BRClR. A rotate instruction may 
then be used to accumulate serial input data in a RAM loca- 
tion or register. The capability to work with any bit in RAM, 


000 
000 
000 
000 


KEYBOARD 


or 
~CMl44102-CMOS 
Memory 
MCM2801 
NMOS 
16x 16 
Non-Volatile 


ROM, or I/O allows the user to have individual flags in RAM 
or to handle I/O bits as control lines. 
The coding example in Figure 28 illustrates the usefulness 
of the bit manipulation and test instructions. 
Assume that 
the MCU is to communicate with an external serial device. 
The external device has a data ready signal, a data output 
line, and a clock line to clock data one bit at a time, lS B first, 
out of the device. The MCU waits until the data is ready, 
clocks the external device, picks up the data in the carry flag 
IC bit), clears the clock line and finally accumulates the data 
bits in a RAM location. 


MCU 


Ready 
f-- 
2 P 
Serial 
0 
Device 
Clock 
1 R 
T 
Data 
°A 
I-- 


BSET 
BRClR 
BClR 
ROR 


1, PORTA 
0, PORTA, 
CONT 
1, PORTA 
RAMlOC 


• 


The MC6805T2 has 10 addressing modes which are ex- 


plained briefly in the following 
paragraphs. For additional 
details and graphical illustrations, refer to the M6805 Family 
Users Manual. 


The term "effective address" lEAl is used in describing the 


address modes. EA is defined as the address from which the 
argument for an instruction is fetched or stored. 


IMMEDIATE 
In the immediate addressing mode, the operand is con- 


tained in the byte immediately following the opcode. The im- 
mediate addressing mode is used to access constants which 
do not change during program execution Ie.g., a constant 
used to initialize a loop counter!. 


DIRECT 
In the direct addressing mode, the effective address of the 
argument is contained in a single byte following the opcode 
byte. Direct addressing allows the user to directly address 
the lowest 256 bytes in memory Ipage zerol with a single 
2-byte instruction 
The address area includes the on-chip 
RAM and I/O registers and 128 bytes of ROM. Direct ad- 
dressing is an effective use of both memory and time. 


EXTENDED 
In the extended addressing mode, the effective address of 


the argument is contained in the two bytes follOWing the 
opcode. Instructions using extended addressing are capable 
of referencing arguments anywhere in memory with a single 
3-byte instruction. When using the Motolola assembler, the 
programmer need not specify whether an instruction 
uses 


direct or extended addressing. The assembler automatically 
selects the shortest form of the instruction. 


RELATIVE 


The relative addressing mode is only used in branch in- 


structions. 
In relative addressing, the contents of the 8-bit 


signed byte following the opcode Ithe offsetl is added to the 
PC if and only If the branch condition is true; otherwise, con- 
trol proceeds to the next instruction. 
The span of relative 


addressing is from - 126 to + 129 from the opcode address. 
The programmer need not worry about calculating the cor- 
rect offset 
when 
using the Motorola 
assembler, since it 


calculates the proper offset and checks to see if it is within 
the span of the branch. 


INDEXED, NO OFFSET 
In the indexed, no offset addressing mode, the effective 
address of the argument 
is contained 
in the 8-bit 
index 


register. Thus, this addressing mode can access the first 256 
memory locations (page zerol. These instructions are only 
one byte long. ThiS mode is often used to move a pointer 
through 
a table or to hold the address of a frequently 


referenced RAM or I/O location 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode the effective 
address is the sum of the contents of the unsigned 8-bit 


index register (XI and the unsigned byte following 
the op- 
code. This addressing mode is useful in selecting the kth ele- 
ment in an n element table. With this 2-byte instruction, 
k 
would typically be in X with the address of the beginning of 
the table in the instruction. 
As such, 
tables may begin 


anywhere within 
the first 256 addressable locations and 


could extend as far as location 510 1$IFEI. 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the effec- 


tive address is the sum of the contents of the unsigned 8-bit 
index register and the two unsigned bytes following the op- 
code. This addressing mode can be used in a manner similar 
to indexed, 8-bit offset; except that this 3-byte instruction 
allows tables to be anywhere in memory. As with direct and 
extended, the Motorola assembler determines the shortest 
form of indexed addressing. 


BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set or 
cleared is part of the opcode, and the byte following the op- 
code specifies the page-zero address of the byte in which the 
specified bit is to be set or cleared. Thus, any read/write bit 
in the first 256 locations of memory, including I/O, can be 
selectively set or cleared with a single 2-byte instruction. See 
Caution under INPUT/OUTPUT. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combination 


of direct addressing and relative addressing. The bit, which 
is to be tested, and condition Iset or clear! is included in the 
opcode and the address of the byte to be tested is in the 
single byte immediately following the opcode byte. The sign- 
ed relative 8-bit offset in the third byte is added to the value 
of the PC if the branch condition is true. This single 3-byte 
instruction allows the program to branch based on the condi- 
tion of any readable bit in the first 256 locations of memory. 
The span of branching is from -125 
to + 130 from the op- 
code address. The state of the tested bit is also transferred to 
the Carry bit of the Condition Code Register. See Caution 
under INPUT/OUTPUT. 


INHERENT 
In the 
inherent 
addressing 
mode, 
all the 
information 
necessary to execute the instruction is contained in the op~ 
code. Operations specifying only the index register or ac- 
cumulator, as well as control instruction with no other argu- 
ments, are included in this mode. These instructions are one 
byte long. 


The MCU has a set of 59 basic instructions, 
which when 
combined with the 10addressing modes produce 207 usable 
opcodes. 
They can be divided 
into 
five different 
types: 


register/memory, 
read/modify/write, 
branch, bit manipula- 


tion, and control. 
The following 
paragraphs briefly explain 
each type. 
All 
the instructions 
within 
a given type are 


presented in individual tables. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of 
these 
instructions 
use 
two 
operands. 
One 
operand is either the accumulator 
or the index register. The 
other operand is obtained from memory using one of the ad- 
dressing modes. The jump unconditional 
(J M P) and lump to 
subroutine 
IJSR) 
instructions 
have no register 
operand. 


Refer to Table 3. 


READ/ MODIFY /WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a register, 
modify 
or test its contents, 
and write 
the modified 
value 


back to memory or to the register Isee Caution under IN- 
PUT/OUTPUT). 
The test for negative or zero ITST) instruc 
tions. 
is 
included 
in 
the 
read/modify/write 
instructions 
though 
it does not perform the write. 
Refer to Table 4. 


BRANCH INSTRUCTIONS 


The branch instructions 
cause a branch from the program 
when a certain condition 
is met. Refer to Table 5. 


BIT MANIPULATION 
INSTRUCTIONS 


These instructions are used on any bit in the first 256 bytes 
of the memory Isee Caution under INPUT/OUTPUT). 
One 
group either sets or clears. The other group performs the bit 
test branch operations. 
Refer to Table 6. 


CONTROL INSTRUCTIONS 


The control instructions 
control the MCU operations dur- 


ing program execution 
Refer to Table 7. 


ALPHABETICAL 
LISTING 


The complete instruction 
set is given in alphabetical order 


in Table 8. 


OPCODE MAP SUMMARY 


Table 9 is an opcode map for the instructions 
used on the 
MCU. 


The information 
required when ordering a custom MCU is 


listed 
below. 
The 
ROM program 
may be transmitted 
to 
Motorola on EPROMls) or on MOOS disk file. 
To initiate a ROM pattern for the MCU it is necessary to 


first 
contact 
your 
local 
Motorola 
representative 
or 


distributor. 


EPROMs 
- 
Two 
MCM2716 
or 
one 
MCM2532 
type 
EPROMls), 
programmed 
with 
the 
customer 
program 
(positive 
logic sense for address and data), 
may be sub- 
mitted for pattern generation. The EPROMIs) must be clearly 
marked to indicate which 
EPROMIs) corresponds 
to which 


address space. The recommended 
marking 
procedure 
for 
two MCM2716 EPROMs is illustrated 
below. 


XXX= Customer 
10 


After the EPROMls) are marked they should be placed In 
conductive 
IC carriers and securely 
packed. 
Do not 
use 
styrofoam. 


VERIFICATION 
MEDIA 


All original 
pattern 
media IEPROMs or Floppy Disk) are 


filed for contractual 
purposes and a,e not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification 
form. The listing should be 


thoroughly 
checked and the verification 
form 
completed, 
signed, and returned 
to Motorola. 
The signed verification 
form constitutes 
the contractual 
agreement for creation of 


the customer 
mask. If desired, Motorola 
will program one 
blank EPROM from the data file used to create the custom 
mask to aid in the verification 
process. 


ROM VERIFICATION 
UNITS IRVUs) 
Ten MCUs containing 
the customer's 
ROM pattern Will be 
sent for program 
verification. 
These units will 
have been 


made using the custom 
mask but are for the purpose of 
ROM verification 
only. For expediency they are usually un- 
marked, 
packaged 
in ceramic, 
and tested 
only 
at 
room 
temperature 
and 5 volts. 
These RVUs are included 
in the 


mask charge and are not production 
parts. The RVUs thus 
are not 
guaranteed 
by Motorola 
Quality 
Assurance, 
and 
should be discarded after verification 
is completed. 


FLEXIBLE DISKS 


The disk media submitted 
must be single-sided, 
srngle- 


density, 8-inch, 
MDOS- compatible 
floppies. The customer 
must write the binary file name and company name on the 
disk with a felt-tip pen. The minimum MOOS system files as 
well as the absolute binary object file Ifilename, 
.LO type of 


file) from the M6805 cross assembler must be on the disk. An 
object file made from a memory dump using the ROLLOUT 
command 
is also acceptable. 
Consider submitting 
a source 


listing as well as the following 
files: filename, .LXIEXORciser 


loadable format! 
and filename, 
.SA IASCII 
Source Codel. 


These files will of course be kept confidential 
and are used 1) 


to speed up the process in-house if any problems arise, and 
2) to speed up the user-to-factory 
interface if the user finds 
any 
software 
errors 
and 
needs assistance 
quickly 
from 
Motorola 
factory representatives. 
MOOS is Motorola's 
Disk Operating System available on 
development 
systems such as EXORciser, EXORset. etc. 


• 


• 


Addressing 
Modes 


Indexed 
Indelled 
Indexed 
Immediate 
Direct 
b:lended 
(No 
Offset) 
(B·Bit 
Offset) 
(16·8110ffsetl 


Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• . 
Op 
• 
• 
OP 
• 
• 
Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


load 
A from 
Memory 
LOA 
A6 
2 
2 
86 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
06 
3 
6 


Load 
X from 
Memory 
LOX 
AE 
2 
2 
8E 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Store 
A In Memory 
STA 
-. 
- 
87 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
07 
3 
7 


Store 
X In Memory 
STX 
- 
- 
8F 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
OF 
3 
7 


Add Memory 
10 A 
ADD 
A8 
2 
2 
88 
2 
4 
C8 
3 
5 
F8 
1 
4 
E8 
2 
5 
08 
3 
6 


Add 
Memory 
and 


Carry 
to A 
ADC 
A9 
2 
2 
89 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
09 
3 
6 


Subtract 
Memory 
SU8 
AO 
2 
2 
80 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 


Subtract 
Memory 
from 


A wIth 
Borrow 
S8C 
A2 
2 
2 
82 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
02 
3 
6 


AND 
Memory 
to A 
AND 
A4 
2 
2 
84 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
04 
3 
6 


OR Memory 
with 
A 
ORA 
AA 
2 
2 
8A 
2 
4 
LA 
3 
5 
FA 
1 
4 
EA 
2 
5 
DA 
3 
6 


EKcluSlve 
OR Memory 


with 
A 
EOR 
A8 
2 
2 
88 
2 
4 
(8 
3 
5 
F8 
1 
4 
E8 
2 
5 
08 
3 
6 


Arithmetic 
Compare 
A 


with 
Memory 
CMP 
A1 
2 
2 
B1 
2 
4 
C1 
3 
5 
F1 
1 
4 
El 
2 
5 
01 
3 
6 


Arl\hmellC 
Compare 
X 


with 
Memory 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
03 
3 
6 


all Test 
Memory 
with 


A (logical 
Comparel 
BIT 
A5 
2 
2 
B5 
2 
4 
(5 
3 
5 
F5 
1 
4 
E5 
2 
5 
05 
3 
6 


Jump 
Uncondllionat 
JMP 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 
10 Subroutine 
JSR 
BD 
2 
7 
CD 
3 
8 
FD 
1 
7 
ED 
2 
8 
DO 
3 
9 


Addressmg 
Modes 


Indelled 
Indexed 


Inherent 
{AI 
Inherent 
(XI 
Direct 
(No 
Offsetl 
18 Bit 
Offset) 


Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 
Op 
• 
• 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
I 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
DEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


(2"5 Complement) 
NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 


Rota!e 
Lef! 
Thru 
Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
1 
6 
79 
1 
6 
69 
2 
7 


Rotate 
Right 
Thru 
Carry 
ROR 
46 
1 
4 
56 
I 
4 
36 
1 
6 
76 
1 
6 
66 
2 
7 


Logical 
Shllt 
Left 
LSL 
48 
I 
4 
58 
I 
4 
38 
1 
6 
78 
1 
6 
68 
2 
7 


Logical 
Shill 
RighI 
LSR 
44 
1 
4 
54 
I 
4 
34 
1 
6 
74 
1 
6 
64 
2 
7 


ArithmetiC 
Shill 
RighI 
ASR 
47 
1 
4 
57 
I 
4 
37 
1 
6 
77 
I 
6 
67 
2 
7 


Test 
lor 
Negative 


or Zero 
1ST 
40 
1 
4 
50 
1 
4 
3D 
2 
6 
70 
I 
6 
60 
1 
7 


Relative 
Addressing 
Mode 


Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 


Branch 
Always 
BRA 
20 
2 
4 


Branch 
Never 
BRN 
21 
2 
4 


Brandl 
IFF Higher 
BHI 
22 
2 
4 


Branch IFF Lower 
or Same 
BlS 
23 
2 
4 


Branch IFFCarry 
Clear 
BCC 
24 
2 
4 


(BranchlFFHlgher 
or Same) 
IBHSI 
24 
2 
4 


Branch IFF Carry 
Set 
BCS 
25 
2 
4 


(Branch 
IFF Lower) 
IBlOI 
25 
2 
4 


Branch IFF Not Equal 
BNE 
26 
2 
4 


Branch IFFEQual 
BEG 
27 
2 
4 


Branch IFF Half Carry Clear 
BHCC 
28 
2 
4 


Branch IFF Half 
Carry Set 
BHCS 
29 
2 
4 


BranchlFF 
Plus 
BPl 
2A 
2 
4 


BranchlFF 
Minus 
BMI 
2B 
2 
4 


Branch IFF Interupt 
Mask 


Bit IS Clear 
BMC 
2C 
2 
4 


Branch IFF Interrupt 
Mask 


Bit IS Set 
BMS 
20 
2 
4 


Branch IFF Interrupt 
Line 


IS Low 
Bil 
2E 
2 
4 


Branch IFF Interrupt 
Line 


IS High 
BIH 
2F 
2 
4 


Branch 
to Subroutine 
BSR 
AO 
2 
8 
• 


Addressing 
Modes 


Bit Set/Clear 
Bit Test 
and 
Branch 


Op 
# 
# 
Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch 
IFF BII n IS set 
BRSET 
n In 0 0 
71 
- 
-- 
~ 
2. 
n 
3 
10 


Branch 
IFF Bit n IS clear 
BRClR 
n In 00 
71 
- 
- 
~ 
01 
•. 2 en 
3 
10 


Set Bit n 
BSET n In " 0 
71 
10'" 
2 en 
2 
7 
- 
- 
- 


Clear 
bit n 
BClR 
n (n 0 0 
71 
11 .•.2 en 
2 
7 
- 
- 
- 


Inherent 
Op 
# 
# 


Function 
Mnemonic 
Code 
Bytes 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
2 


Transfer 
X to A 
TXA 
9F 
1 
2 


Set Carry 
Bit 
SEC 
99 
1 
2 


Clear 
Carry 
Bit 
ClC 
98 
1 
2 


Set Interrupt 
Mask 
Bit 
SEI 
9B 
1 
2 


Clear 
Interrupt 
Mask 
Bit 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return 
from 
SubroutIne 
RTS 
B1 
1 
6 


Return 
from 
Interrupt 
RT! 
80 
1 
9 


Reset Stack 
POinter 
RSP 
9C 
1 
2 


No-Operation 
Nap 
90 
1 
2 


II 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Set! 
Test 
& 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(8 Bits) 
(16 
Bits) 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
1\ • 


1\ 
1\ 
1\ 


ADD 
X 
X 
X 
X 
X 
X 
1\ • 


1\ 
1\ 
1\ 


AND 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


ASL 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


ASR 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


BCC 
X 
• • • • • 


BCLR 
X 
• • • • • 


BCS 
X 
• • • • • 


BEO 
X 
• • • • • 


BHCC 
X 
• • • • • 


BHCS 
X 
• • • • • 


BHI 
X 
• • • • • 


BHS 
X 
• • • • • 


BIH 
X 
• • • • • 


BIL 
X 
• • • • • 


BIT 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


BLO 
X 
• • • • • 


BLS 
X 
• • • • • 


BMC 
X 
• • •• • 


BMI 
X 
• • • • • 


BMS 
X 
• • • • • 


BNE 
X 
• • • • • 


BPL 
X 
• • • • • 


BRA 
X 
• • • • • 


BRN 
X 
• • • • • 


BRCLR 
X 
• • • • 


1\ 


BRSET 
X 
• • • • 


1\ 


BSET 
X 
• • • • • 


BSR 
X 
• • • • • 


CLL 
X 
• • • • 
0 


CLI 
X 
• 0 • • • 


CLR 
X 
X 
X 
X 
• • 0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


COM 
X 
X 
X 
X 
• • 


1\ 
1\ 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


DEC 
X 
X 
X 
X 
• • 


1\ 
1\ • 


EOR 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


INC 
X 
X 
X 
X 
• • 


1\ 
1\ • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 


LOA 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 
LOX 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


LSL 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


LSR 
X 
X 
X 
X 
• • 0 
1\ 
1\ 


NEO 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


NOP 
X 
• • • • • 


ORA 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 
RDL 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


RSP 
X 
• • • • • 


Condition 
Code Symbols: 


H 
Half Carry {From Bit 31 
I 
Interrupt 
Mask 
N 
Negative 
(Sign Bit) 


Z 
Zero 


C 
Carry/Borrow 
/\ 
Test and Set If True, Cleared Otherwise 


• 
Not Affected 
o 
Cleared 


Addressing 
Modes 
Condition 
Code 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Setl 
Test 
& 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(B Bits) 
(16 
Bits) 
Clear 
Branch 
H 
I 
N 
Z 
e 


ATI 
X 
, , , , , 


RTS 
X 
• • • • • 


SBe 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


SEC 
X 
• • • • , 


SEI 
X 
• , • • • 


STA 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


STX 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


SUB 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


SWI 
X 
• 
1 • • • 


TAX 
X 
• • • • • 


TST 
X 
X 
X 
X 
• • 


1\ 
1\ • 


TXA 
X 
• • • • • 


Condition 
Code Symbols 


H 
Half Carry (From Bit 31 
I 
Interrupt 
Mask 


N 
Negative 
(SIgn Bit) 


Z 
Zero 


C 
Carry/ Borrow 


1\ 
Test and Set If True, Cieared Othefl/ .•.lse 


• 
Not Affected 
) 
Load CC Register From Slack 
Set 
• 


• 


80M anioulltion 
Br.nch 
Read/Modify/Write 
Control 
Regilt., I Memory 


T 
I 
I 
DIR 
I 
1 


~ 
;;., 
oo~o 
,J" 
o~ 
O,~, 
o~o 


, 
8 
8 
A 
8 
,foo 
1~' 
l1~O 
,fl1 
H~ 
000' 
0111 
'000 
'00' 
1010 
lOll 
'~, 
· 
:: 
NEGo" · 
· 


) 
6 
, 
RTI 
· 
, 
SUB 
· 
,g." 
BRsEJ~. 
BsE~t 
SAAR" 
NEG 
NEG 
, 
NEG 
NEG 
SU~f..H.' 
SUB 


01R 
sU~'T 
SUB,,, 
SUB 
,g." 
, 
INH 
, 
, " 
IX' 
, 
, 
I 
'N" 
'X' 
'x 
10 
T 
· 
, 
, 
· 


5 
, 
5 
· 
1 
,BRCL:~. 
BCL~~c 
BRN." 
RTs 
CMP 
CMP 
CM~XT 
CMP 
CMP 
CMP 
1 


000' 
I 
'N" 
IMM 
D" , 
'x, 
IX' 
, 
'x 
0001 
I~, 
· 
· 
6 
sBC 
2 
, BRsEJT'. 
BsE~1c 
BHI 
I 


sBC 
sBC 
sB~XT 
sBC 
sBC 
2 


0010 
• 
'MM 
0" 
3 
IX2 
IX' 
I 
'X 
00'0 
,~- 
· 
, 
· 
· 


) 
, 
I" 
, 
· 


, 
CPX 
~, 
BRCL~T" 
BCL~;r 
BLSR~' 
, 
COM 


nlR 
COMA 
COMX 
, 
CaM 
COM 
SWI 
CPX 
CPX 
CPX~XT 
CPX 
CPX 
Jl1 
, 
'N" 
, 
, " 
'x, 
, 
IX 
1 
IIIIH 
'MM 
0" 
, 
'X 
'XI 
I 
'X 
,~- 
· 
, 
· 
· 
, 
, 
· 


, 
AND 
• 
4 
BRsEJl. 
BsE1~c 
BCC." 
, 
Ls~T' 
LSRA 
LsRX 
LsR 
LsR 
i 
AND 
AND 
AN~XT 
AND 
AND 
0;1., 
0100 
I 
'N" 
, 
, " 
7 
IXI 
, 
IX 
, 
M 
O'k 
'X 
'XI , 
'X 


'BRCL~l 
· 
· 
6 
BIT 
· 
nl~' 
BCL~~r 
BCs." 
BI~MM 
BIT OIR 
BIT"T 
, 
'x 
BIT ," 
, 
BIT 
IV 
01~' 


'BRsEJi. 
· 
, 
· 
· 
, 
, 
, 
· 


5 
, 
LOA 
· 
o~o 
BsE~~c 
BNE." 
, 
RORo" 
ROR~H 
RQRX 
, 
ROR 
ROR 
LOA 
LOA 
LD~XT 
LOA 
LOA 
01~n 
I 
, 
, " 
'XI 
, 
'x 
'MM , 
01' , 
, 
'X, 
'XI 
I 
'x 
,~. 
· 


6 
· 
· 


) 
, 
, 


, 
sTA 


0,111 
I,BRCL:? 
BCL~~c 
BED." 
, 
AsRo" 
ASRA 
AsRX 
I, 
AsR 
! 
AsR 
TAX 
sTA 
ST~XT 
sTA 
sTA 
0,111 
I 
'N" 
1 
IIIIM 
IXI 
1 
'X 
I 
'N" 
01' 
IX 
'XI , 
IX 


I :BRsEJ¢. 
· 
, 
· 
· 
, 
· 
6 
EOR 
4 
,~ 
BsE~~c 
BHC~" 
, 
LSLnlR 
L5lA 
LSL~NH 
" 
LsL 
LsL 
CLC,", 
EOR 
EOR 
EOR'XT 
EOR 
EOR 
B 
, 
'N" 
, 
'X, 
, 
IX 
'M 
0" 
'X, 
'XI 
I 
'X 
1000 


'0 
, 
4 
, 
· 
· 


, 
, 
, 
, 
· 


, 
ADC 
4 
9 
,BRCL:T~ 
BCL~~c 
BHC~" 
, 
AOl 


nlR 


ROLA 
ROl~NH 
ROL 
ROL 
sEC 
ADC 
AOC 
ADC 
ADC 
ADC 
9 


'001 
, 
'N" 
I 
, 
IXI 
I 
'x 
I 
'N" , 
'MM , 
0" , 
'XT , 
IX' , 
'XI 
I 
IX 
1001 


I~. 
· 


6 
· 
· 
, 
, 


, 
ORA 
,t,n 
BRSEJi. 
BsE~t 
BPL." 
, 
DEC 
DECA 
DECX 
DEe 
DEC 
Cli 
ORA 
ORA 
ORA 
ORA 
ORA 
A 
,. , 
IN" 
, 
'N" , 
IX' 
, 
'X 
, 
'N" , 
'MM , 
0" , 
'XT , 
'X, , 
'XI , 
IX 
1010 
'0 
, 
· 


6 
ADD 
• 
ADD 
'~, 


BACL~T5R 
BCL~~r 
BMIR~I 
sEI 
ADD 
ADD 
AD~XT 
ADD 
B 
, 
'N" 
'MM 
0" , 
, 
'X, , 
'XI , 
'x 
1011 
,~. 
· 
: 
INCol• · 
· 
, 
, 
, 
JMP 
J 
JMP 
,foo 
I,BRsEJf. 
BsE~~c 
BM~" 
INCA 
INCX 
INC 
INC 
'x 
I 


RsP 
JMP 
JM~XT 
JMP 
C 
, 
IN" 
, 
'N" 
, 
IXI 
I 
, 
IN" 
, 
0" , 
, 
'X, , 
'XI , 
IX 
1100 
,~- 
· 
6 
TsT · 
· 
, 
, 


, 
JsR 
,g, 
BRCL:T6. 
BCL~t 
BMs." 
TSlA 
TsTX 
, 
TsT 
TsT 
, 
NOP 
BsR", 
JsR 
JsR 
JsR 
JsR 
D 
'0,. 
, 
'N" 
1 
IIIIM 
IX' 
, 
IX 
, 
IN" 
, 
0" , 
'XT , 
'X, 
2 
'XI , 
'x 
1101 


10 
, 
· 
"E'Q 
BRsEJl. 
BsE1~c 
Bll 
RFI 
I 
LDX 
LDX 
LOX'XT 
, 
LDX 
LDX 
LOX 
E 


IMM 
2 
01' 
'X 
'XI , 
IX 
1110 


'BRCLR7 
· 


" 
· 
· 
, 


:> 
STX 
' 
sTX 
F 
BCLR7 
BIH 
CLR 
CLRA 
CLRX 
CLR 
ClR 
I 
TXA 
sTX 
sTX 
sTX 
F 
1111 
, 
,T, , 
'Sc , 
'EL , 
0" 
I 
IN" 
, 
'N" 
2 
IX' , 
IX 
, 
'N" 
, 
0" , 
'XT , 
'X, , 
'XI , 
'x 
1111 


Inherent 
Immediate 
Direct 


Extended 


Relative 


Bit 
Set/ 
Clear 


Bit 
Test 
and 
Branch 


Indexed 
INo 
Offset) 


Indexed, 
1 Byte 
18-Bitl 
Offset 


Indexed,2 
Byte 
116-BIII 
Offset 


, 
of 
Cycles 
IHMOS) 


Mnemonic 


, 
of 
Cycles 
ICMOS) 


MC 
_ 


Address 
_ 


SC 
_ 


OPTION 
LIST 


Select the options for your MCU 
from the following list. A 


manufacturing 
mask will be generated from this information. 


Timer Clock Source 


o 
Internalq,2 
clock 
(gated 
by PCO/TIMERI 


o 
peO/TIMER 
input pin (positive transition) 


Port A Output 
Drive 
o 
CMOS 
and TTL 
o TTL Only 
o Open Drain 
• 


Timer 
Prescaler 
o zO (divide 
by 1) 
o 21 (divide 
by 21 
o 22 (divide 
by 41 
o 23 (divide 
by 81 


PLL Reference Divider 
o 21 (divide 
by 21 
o 22 (divide 
by 41 
o 23 (divide 
by 81 
o z4 (divide 
by 161 


o 25 (divide 
by 321 


o z4 (divide 
by 161 
o 25 (divide 
by 321 
o z6 (divide 
by 641 
o 27 (divide 
by 1281 


o z6 (divide 
by 641 
o 27 (divide 
by 1281 
o z8 (divide 
by 2561 
o 29 (divide 
by 5121 
o 210 (divide 
by 10241 


Pattern Media (All other media requires prior factory approval. 


o EPROMS 
(two 
MCM2716s 
or one MCM25321 
0 
Floppy 
Oisk 


o 
Other 
_ 


•• 


® MOTOROLA 


MC68HC05C4 


8-BIT MICROCOMPUTER 


Paragraph 
Number 


2.1 
2.1.1 
2.1.2 
2.1.3 
2.1.4 


2.1.5 
2.1.6 
2.1.6.1 
2.1.6.2 
2.1.6.3 
2.1.7 
2.1.8 
2.1.9 
2.1.10 
22 
2.2.1 
2.2.2 
2.2".3 
2.3 
2.4 
2.4.1 
2.4.2 
2.4.3 
2.4.4 


2.4.5 
2.4.5.1 
2.4.5.2 
2.4.5.3 
2.4.5.4 
2.4.5.5 


Section 
1 
Introduction 
General 
Features. 


Section 
2 
Functional 
Pin Description, 
Input/Output 
Programming, 
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SECTION 
1 
INTRoDU CTloN 


1.1 GENERAL 


The MC68HC05C4 
HCMOS 
Microcomputer 
is a member of the M68HC05 
Family of low-cost 
single- 


chip microcomputers. 
This 8-bit microcomputer 
contains 
an on-chip 
oscillator, 
CPU, RAM, 
ROM, 
I/O, 
two serial interface 
sytems, 
and timer. 
The fully static design allows 
operation 
at frequencies 


down 
to dc, further 
reducing 
its already 
low-power 
consumption 
. 


HARDWARE 
FEATURES 


• 
HCMOS 
Technology 


• 
8-Bit 
Architecture 


• 
Power 
Saving 
Stop and Wait 
Modes 


• 
Fully Static 
Operation 


• 
176 Bytes of On-Chip 
RAM 


• 
4160 Bytes of On-Chip 
ROM 


• 
24 Bidirectional 
I/O 
Lines 


• 
2.1 MHz Internal 
Operating 
Frequency 
at 5 Volts; 
1.0 MHz at 3 Volts 


• 
Internal 
16-Bit Timer 
Similar 
to MC6801 Timer 


• 
Serial Communications 
Interface 
System 


• 
Serial Peripheral 
Interface 
System 


• 
Self-Check 
Mode 
• 
External, 
Timer, 
Serial Communications 
Interface, 
and Serial Peripheral 
Interface 
Interrupts 


• 
Master 
Reset and Power-On 
Reset 


• 
Single 3- to 6-Volt 
Supply 


• 
On-Chip 
Oscillator 
with 
RC or Crystal 
Mask Options 


• 
4O-Pin Dual-in-Line 
Package 


• 
Chip Carrier Also Available 


SOFTWARE 
FEATURES 


• 
Similar 
to MC6800 


• 
8 x 
8 Unsigned 
Multiply 
Instruction 


• 
Efficient 
Use of Program 
Space 


• 
Versatile 
Interrupt 
Handling 


SOFTWARE 
FEATURES 
(Continued) 


• 
True Bit Manipulation 
• 
Addressing 
Modes with 
Indexed Addressing 
for Tables 


• 
Efficient 
Instruction 
Set 


• 
Memory 
Mapped 
I/O 


• 
Two 
Power-Saving 
Standby 
Modes 


• 
Upward 
Software 
Compatible 
with 
the M146805 CMOS 
Family 


• 
Complete 
Development 
System 
Support 
on EXORciser and HDS-200 


PAO 
PAl 


Port 
PAl 
A 
PA3 
I/O 
PM 
Lines 
PA5 
PA6 
PA7 


PBO 
PBl 


Port 
PB2 


B 
PB3 


I/O 
PB4 
Lines 
PB5 
PB6 
PB7 


Accumulator 


a 
A 


Index 


a 


Register 
X 


Condition 


Code 
5 
Register 
CC 


Stack 


6 
Pointer 
S 


Program 
Counter 
5 
High 
PCH 


Program 
Counter 


a 
Low 
PCL 


Internal 
Processor 
Clock 
240 
x a 
Self-Check 


ROM 


Port D 


SCI 
System 


Port 


C 
I/O 
Lines 


RDIIPOOI 
TOO (PDlI 
MISO 
IPD2J 


MOSIIPD31 
SCK IPD4J 
SS IPD51 


• 


• 


SECTION 2 
FUNCTIONAL 
PIN DESCRIPTION, 
INPUT/OUTPUT 
PROGRAMMING, 


MEMORY, 
CPU REGISTERS, 
AND 
SELF-CHECK 


This section 
provides a description 
of the functional 
pins, input/output 
programming, 
memory, 
CPU registers, and self-check. 


2.1.1 VOO and VSS 


Power is supplied to the MCU using these two pins. VOO is power and VSS is ground. 


2.1.2 
IRQ (Maskable Interrupt 
Request) 


IRQ is a programmable 
option which 
provides two different 
choices of interrupt 
triggering 
sensi- 
tivity. 
These options 
are: 1) negative 
edge-sensitive 
triggering 
only, 
or 2) both 
negative edge- 
sensitive and level-sensitive triggering. 
In the latter case, either type of input to the IRQ pin will pro- 


duce the interrupt. 
The MCU completes the current instruction 
before it responds to the interrupt 
request. When the IRQ pin goes low for at least on tlLlH, 
a logic one is latched internally to signify 
an interrupt 
has been requested. 
When the MCU completes 
its current 
instruction, 
the interrupt 


latch is tested. If the interrupt latch contains a logic one, and the interrupt mask bit (I bit) in the con- 
dition code register is clear, the MCU then begins the interrupt 
sequence. 


If the option is selected to include level-sensitive triggering, 
then the IRQ input requires an external 
resistor to VOO for "wire-OR" 
operation. 
See INTERRUPTS in Section 3 for more detail concerning 
interrupts. 


2.1.3 
RESET 


The RESET input is not required for startup but can be used to reset the MCU internal state and pro- 
vide an orderly software startup procedure. 
Refer to RESETS in Section 3 for a detailed description. 


The TCAP input controls 
the input capture feature for the on-chip 
programmable 
timer system. 


Refer to INPUT CAPTURE REGISTER in Section 4 for additional 
information. 


The TCMP pin (35) provides an output for the output compare feature of the on-chip timer system. 
Refer to OUTPUT COMPARE REGISTER in Section 4 for additional 
information. 


The MC68HC05C4 
can be configured 
to accept 
either a crystal 
input 
or an RC network 
to control 
the internal oscillator. 
The internal clocks are derived by a divide-by-two 
of the internal oscillator 
fre- 


quency 
(foscl. 


2.1.6.1 
CRYSTAL. 
The circuit 
shown 
in Figure 2-1 (b) is recommended 
when 
using a crystal. 
The 


internal 
oscillator 
is designed 
to interface 
with an AT-cut 
parallel resonant 
quartz crystal 
resonator 
in the frequency 
range specified 
for fosc in 9.7 or 9.8 Control 
Timing. 
Use of an external 
CMOS 


oscillator 
is recommended 
when 
crystals 
outside 
the specified 
ranges are to be used. The crystal 
and components 
should 
be mounted 
as close as possible 
to the input 
pins to minimize 
output 
distortion 
and startup 
stabilization 
time. 
Refer to 9.5 or 9.6 for VOO specifications. 


MC68HC05C4 


OSCI 
OSC2 


39 
Rp 
38 


TCOSC2 


R 


ld) RC Oscillator Connections 


2 MHz 
4 MHz 
Units 


RSMAX 
400 
75 
0 


Co 
5 
7 
pF 


C1 
0008 
0.012 
~F 


COSCl 
15-40 
15-30 
pF 


COSC2 
15-30 
15-25 
pF 


Rp 
10 
10 
MO 


Q 
30 
40 
K 


Unconnected 


External Clock 


(el External Clock Source Connections 


• 


• 


2.1.6.2 
RC. If the RC oscillator 
option 
is selected, 
then a resistor is connected 
to the oscillator 
pins 
as shown 
in Figure 2-Hd). 
The relationship 
between 
Rand 
fosc is shown 
in Figure 2-2. 


Figure 2-2. Typical 
Frequency 
vs Resistance 
For 
RC Oscillator 
Option 
Only 


2.1.6.3 
EXTERNAL 
CLOCK. 
An external clock should be applied to the OSC1 input with the OSC2 


input not connected, 
as shown 
in Figure 2-1 Ie). An external clock may be used with either the RC or 


crystal 
oscillator 
option. 
The toxov 
or liLCH 
specifications 
do not apply when 
using an external 
clock 
input. 
The equivalent 
specification 
of the external 
clock 
source 
should 
be used in lieu of 


toxov 
or tlLCH 


These eight I/O lines comprise 
port A. The state of any pin is software 
programmable 
and all port A 
lines are configured 
as input during 
power-on 
or reset. Refer to INPUT/OUTPUT 
PROGRAMMING 
paragraph 
below 
for a detailed 
description 
of I/O programming. 


These eight lines comprise 
port B. The state of any pin is software 
programmable 
and all port B lines 
are configured 
as input 
during 
power-on 
or reset. 
Refer to INPUT/OUTPUT 
PROGRAMMING 
paragraph 
below 
for a detailed 
description 
of I/O programming. 


These eight lines comprise 
port C. The state of any pin is software 
programmable 
and all port Clines 
are configured 
as input 
during 
power-on 
or reset. 
Refer to INPUT/OUTPUT 
PROGRAMMING 
paragraph 
below 
for a detailed 
description 
of I/O programming. 


2.1.10 
PDO-PD5, PD7 


These seven lines comprise 
port D, a fixed input port that is enabled during 
power-on. 
All enabled 
special 
functions 
ISPI 
and 
SCIl 
affect 
the 
pins on this 
port. 
Four of these 
lines, 
PD2/MISO, 


PD3/MOSI, 
PD4/SCK, 
and PD5/SS, 
are used in the serial peripheral 
interface 
(SPI) discussed 
in 


Section 6. Two of these lines, PDO/ RDI and PD1ITDO, 
are used in the serial communications 
inter- 


face (SCIl 
discussed 
in Section 
5. Refer to 2.2 INPUT/OUTPUT 
PROGRAMMING 
for a detailed 
description 
of I/O programming. 


2.2.1 
Parallel Ports 


Ports A, S, and C may be programmed 
as an input or an output 
under software 
control. 
The direc- 


tion of the pins is determined 
by the state of the corresponding 
bit in the port data direction 
register 
lDDRl. 
Each 8-bit port has an associated 
8-bit data direction 
register. 
Any port A, port S, or port C 
pin is configured 
as an output 
if its corresponding 
DDR bit is set to a logic one. A pin is configured 
as an input if its corresponding 
DDR bit is cleared to a logic zero. At power-on 
or reset, all DDRs are 


cleared, which 
configure 
all port A, S, and C pins as inputs. 
The data direction 
registers are capable 


of being written 
to or read by the processor. 
Refer to Figure 2-3 and Table 2-1. During the program- 


med output 
state, a read of the data register actually 
reads the value of the output 
data latch and 
not the I/O pin. 


Internal 


MC68HC05C4 
Connections 


Typical 
Port 
Data Direction 
Register 


• 


• 


R/W* 
-OOR- 
- 
- 
..- • ----1/.0 
Pin Function 


0 
0 
The I/O pin is in input mode. Data is written 
into the output 
data latch. 


0 
1 
Data is written 
into the output 
data latch and output 
to the I/O pin. 


1 
0 
The state of the 110 pin is read. 


1 
1 
The 110 pin is in an output 
mode. 
The output 
data latch 
is read. 


2.2.2 
Fixed Port 


Port 
0 
is a 7-bit 
fixed 
input 
port 
(POO-P05. 
P07) 
that 
continually 
monitors 
the external 
pins 
whenever 
the SPI or SCI systems are disabled. 
During power-on 
reset or external reset all seven bits 
become valid input ports because all special function 
output 
drivers are disabled. 
For example, 
with 
the serial communications 
interface 
(SCI) system 
enabled, 
(RE= TE = II 
POO and POl 
inputs 
will 
read zero. With 
the serial peripheral 
interface 
(SPI) system disabled (SPE = 0) P02 through 
P05 will 
read the state of the pin at the time of the read operation. 
No data register 
is associated 
with 
the 
port when 
it is used as an input. 


2.2.3 
Serial Port (SCI and SPIl 


The serial communications 
interface 
(SCI) and serial peripheral 
interface 
(SPI) use the port 0 pins 
for their functions. 
The SCI function 
requires two of the pins (POO-POll 
for its receive data input 
(ROI) and transmit 
data output 
(TOO) respectively, 
whereas 
the SPI function 
requires four of the 
pins (P02-P05) 
for its serial data input/output 
(MISOl, 
serial data output/input 
(MOSI), 
system 
clock (SCKl, 
and slave select (SS) respectively. 
Refer to SECTION 5 SERIAL COMMUNICATIONS 
INTERFACE 
and SECTION 
6 SERIAL 
PERIPHERAL 
INTERFACE 
for a more detailed 
discussion. 


As shown 
in Figure 2-4, the MCU is capable of addressing 
8192 bytes of memory 
and I/O registers 
with 
its program 
counter. 
The MC68HC05C4 
MCU has implemented 
4601 bytes of these locations. 
The first 256 bytes of memory 
(page zero) include: 
25 bytes of I/O features 
such as data ports, 
the 
port 
OORs, timer, 
serial peripheral 
interface 
(SPI), 
and serial communication 
interface 
(SCI); 
48 
bytes of user ROM, and 176 bytes of RAM. The next 4096 bytes complete 
the user ROM. The self- 
check ROM (224 bytes) and self-check 
vectors 
(16 bytes) are contained 
in memory 
locations 
$1FOQ 
through 
$1FEF. The 16 highest address bytes contain 
the user defined 
reset and the interrupt 
vec- 
tors. Seven bytes of the lowest 32 memory 
locations 
are unused and the 176 bytes of user RAM in- 
clude up to 64 bytes for the stack. Since most programs 
use only a small part of the allocated 
stack 
locations 
for interrupts 
and/ or subroutine 
stacking 
purposes, 
the unused 
bytes are usable for pro- 
gram data storage. 


$ooBF 
$OOCO 


$ooFF 
W 
$0100 


tn 
I\) 
W 


$lOFF 
$1100 


$1EFF 
$lFoo 


$lFDF 
$1FEO 


$1FEF 
$1FFO 


$1FFF 


I/O 


32 Bytes 


User 
\ 
ROM 
48 Bytes 


RAM 
176 Bytes 


-- -j- -- 


Stack 
64 Bytes 


User 
ROM 
4096 Bytes 


Unused 
3584 Bytes 


Self Check 


""""----- 


Self-Check 
Vectors 


User 
8 


Vectors 
16 Bytes 


8 


Ports 
7 Bytes 


Unused 
3 Bytes 


Serial 
Peripheral 


Interface 
3 Bytes 


Serial 


Communications 


Interface 
5 8ytes 


Timer 


10 Bytes 


Unused 
4 Bytes 


\ 
\ 


0079 
0080 


\ 


\ 


\ 


0191 
\ 


0192 
\ 
\ 
\ 


\ 
\ 


\ 
\ 
0031 
0032 
\ 
\ 
\ 
\ 
\ 


\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 


Port A Data Register 


Port B Data Register 


Port C Data Register 


Port 0 Fixed Input Register 


Port A Data 
Direction 
Register 


Port B Data 
Direction 
Register 


Port C Data 
Direction 
Register 


Unused 


Unused 


Unused 


Serial 
Peripheral 
Control 
Register 


Senal 
Peripheral 
Status 
Register 


Serial Peripheral 
Data I/O Register 


Serial 
Communications 
Baud 
Rate Register 


Serial 
Communications 
Control 
Register 
1 


Serial 
Communications 
Control 
Register 
2 


Serial 
Communications 
Status 
Register 


Serial 
Communications 
Data 
Register 


Timer 
Control 
Register 


Timer 
Status 
Register 


Input Capture 
High Register 


Input 
Capture 
Low 
Register 


Output Compare High Register 


Output 
Compare 
Low Register 


Counter 
High Register 


Counter 
Low Register 


Alternate 
Counter 
High 
Register 


Alternate 
Counter 
Low 
Register 


Unused 


Unused 


Unused 
\ 
Unused 
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3:0 
en 


$00 
Q) 


$01 
J: 


$02 
0 
0 


$03 
UI 


$04 
0 
~ 


$05 


$06 


$07 


$08 


$09 


$OA 


SOB 


$OC 


$00 


$OE 


$OF 


$10 


$11 


$12 


$13 


$14 


$15 


$16 


$17 


$18 


$19 


$lA 


$1B 


$lC 


$10 


$lE 


$lF 
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2.4 
CPU REGISTERS 


The MC68HC05C4 
CPU contains 
five registers, 
as shown 
in the programming 
model of Figure 2-5. 


The interrupt 
stacking 
order is shown 
in Figure 2-6. 


7 
0 


I 


A 
I 
Accumulator 


7 
0 


I 
X 
I 


Index Register 


12 
0 


PC 
Program Counter 


12 
7 
0 


~I 
SP 
I 
Stack Pointer 


CC 


~ 


I 
N 
Z 
C 
Condition 
Code Register 


Carry/Borrow 


Zero 


Negative 


Interrupt Mask 


Half Carry 


IncreaSIng Memory j~ 
Addresses 
U 
R 
0 


N 


Stack 
I 


11 
P 
T 


Condition 
Code 
RegIster 


Accumulator 


Index 
Register 


PCH 


NOTE: 
Since the Stack Pointer decrements during pushes, the peL is 
stacked first. followed by PCH, etc. Pulling from the stack is 
in the reverse order. 


2.4.1 
Accumulator 
(AI 


The accumulator 
is an 8-bit general purpose register used to hold operands, 
results of the arithmetic 


calculations, 
and data manipulations. 


2.4.2 
Index Register 
(X) 


The X register is an 8-bit register which 
is used during the indexed modes of addressing. 
It provides 


an 8-bit value which 
is used to create an effective 
address. 
The index register is also used for data 


manipulations 
with 
the read-modify-write 
type of instructions 
and as a temporary 
storage 
register 


when 
not performing 
addressing 
operations. 


2.4.3 
Program 
Counter 
(PCI 


The program 
counter 
is a 13-bit 
register 
that 
contains 
the address 
of the next instruction 
to be 


executed 
by the processor. 


2.4.4 
Stack 
Pointer 
(SPI 


The stack pointer 
is a 13-bit register containing 
the address of the next free locations 
on the push- 


down/pop-up 
stack. 
When 
accessing 
memory, 
the seven most 
significant 
bits are permanently 


configured 
to 0ססoo11. These seven bits are appended 
to the six least significant 
register bits to pro- 


duce an address within 
the range of $OOFFto $OOCO.The stack area of RAM is used to store the 
return 
address 
on subroutine 
calls and the 
machine 
state 
during 
interrupts. 
During 
external 
or 
power-on 
reset, and during a reset stack pointer 
(RSP) instruction, 
the stack pointer 
is set to its up- 


per limit ($OOFFl. Nested interrupt 
and/ or subroutines 
may use up to 64 (decimal) 
locations. 
When 


the 64 locations 
are exceeded, 
the stack pointer wraps around and points to its upper limit ($OOFF), 


thus, 
losing the previously 
stored 
information. 
A subroutine 
call occupies 
two 
RAM bytes on the 
stack, 
while 
an interrupt 
uses five RAM 
bytes. 


2.4.5 
Condition 
Code Register 
(CC) 


The condition 
code 
register 
is a 5-bit 
register 
which 
indicates 
the results 
of the instruction 
just 
executed 
as well as the state of the processor. 
These bits can be individually 
tested 
by a program 
and 
specified 
action 
taken 
as a result 
of 
their 
state. 
Each 
bit 
is explained 
in the 
following 
paragraphs. 


2.4.5.1 
HALF CARRY BIT (H). The H bit is set to a one when a carry occurs between 
bits 3 and 4 of 
the 
ALU 
during 
an 
ADD 
or 
ADC 
instruction. 
The 
H bit 
is useful 
in binary 
coded 
decimal 
subroutines. 


2.4.5.2 
INTERRUPT 
MASK 
BIT (I). When the I bit is set, all interrupts 
are disabled. 
Clearing this bit 
enables the interrupts. 
If an external 
interrupt 
occurs 
while 
the I bit is set, the interrupt 
is latched 


and is processed 
after the I bit is next cleared; 
therefore, 
no interrupts 
are lost because of the I bit 
being set. An internal 
interrupt 
can be lost if it is cleared while the I bit is set (refer to SECTION 
4 
PROGRAMMABLE 
TIMER, 
SECTION 5 SERIAL COMMUNICATIONS 
INTERFACE, 
and SECTION 
6 SERIAL 
PERIPHERAL 
INTERFACE 
for more informationl. 


• 


II 


2.4.5.3 
NEGATIVE 
IN). When set, this bit indicates 
that the result of the last arithmetic, 
logical, 
or 
data manipulation 
is negative 
(bit 7 in the result is a logic one). 


2.4.5.4 
ZERO (Z). When 
set, this bit indicates 
that the result of the last arithmetic, 
logical, 
or data 
manipulation 
is zero. 


2.4.5.5 
CARRY/BORROW 
(C). 
Indicates 
that 
a carry or borrow 
out 
of the arithmetic 
logic 
unit 
IALU) 
occurred 
during 
the last arithmetic 
operation. 
This bit is also affected 
during 
bit test and 
branch 
instructions, 
shifts, 
and rotates. 


2.5 
SELF-CHECK 


The self-check 
capability 
of the MC68HC05C4 
MCU provides 
an internal 
check to determine 
if the 
device is functional. 
Self-check 
is performed 
using the circuit 
shown 
in the schematic 
diagram 
of 
Figure 2-7. As shown 
in the diagram, 
port C pins PCO-PC3 are monitored 
(light emitting 
diodes are 


shown 
but other devices could be used) for the self-check 
results. The self-check 
mode is entered 
by applying 
a 9 Vdc input (through 
a 4.7 kilohm resistor) to the fRO pin (2) and 5 Vdc input (through 
a 4.7 kilohm 
resistor) 
to the TCAP pin (37) and then depressing 
the reset switch 
to execute a reset. 


After 
reset, the following 
seven tests are performed 
automatically: 


I/O 
- 
Functionally 
exercises 
ports A, B, and C 


RAM 
- 
Counter 
test for each RAM 
byte 


Timer 
- 
Tracks counter 
register and checks 
OCF flag 


SCI - 
Transmission 
Test; checks for RORF, TORE, TC, and FE flags 


ROM - 
Exclusive 
OR with 
odd ones parity 
result 


SPI - 
Transmission 
test with 
check for SPIF, WCOL, 
and MOOF flags 


INTERRUPTS 
- 
Tests external, 
timer, 
SCI, and SPI interrupts. 


Self-check 
results (using the LEOs as monitors) 
are shown 
in Table 2-2. The following 
subroutines 


are available 
to user programs 
and do not require any external 
hardware. 


This subroutine 
is called at location 
$1FOE. The output 
compare 
register 
is first set to the current 
timer state. 
Because the timer 
is free running 
and has only a divide-by-four 
prescaler, 
each timer 
count 
cannot 
be tested. 
The test reads the timer once every 10 counts 
(40 cycles) and checks 
for 
correct 
counting. 
The test tracks the counter 
until the timer wraps around, 
triggering 
the output 
compare. flag in the timer status 
register. 
RAM 
locations 
$0050 and $0051 are overwritten. 
Upon 
return 
to the user's program, 
X = 40. If the test passed, A = O. 


This subroutine 
is called at location 
$1F93 with 
RAM location 
$0053 equal to $01 and A = O. A short 
routine 
is set up and executed 
in RAM to compute 
a checksum 
of the entire 
ROM pattern. 
Upon 
return 
to the user's program, 
X = O. If the test passed, A = O. RAM locations 
$0050 through 
$0053 
are overwritten. 
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29 
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" 
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26 
" 


4.7k 
PB2 
PC2 


15 
25 
" 


4.7 k 


PB3 
PC3 


1S 
PC4 
24 
PB4 
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22 
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21 
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20 


PC3 
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1 
0 
0 
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Bad I/O 


1 
0 
1 
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RAM 


1 
0 
1 
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Bad Timer 


1 
1 
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SECTION 3 
RESETS, 
INTERRUPTS, 
AND 
LOW POWER MODES 


3.1 
RESETS 


The MC68HC05C4 
has two 
reset modes: 
an active low external 
reset pin (RESET) and a power-on 
reset function; 
refer to Figure 3-1. 


3.1.1 
RESET Pin 


The RESET input 
pin is used to reset the MCU to provide 
an orderly 
software 
startup 
procedure. 


When 
using the external 
reset mode, the RESET pin must stay low for a minimum 
of one and one 
half tcyc. 
The RESET pin contains 
an internal 
Schmitt 
Trigger 
as part of its input to improve 
noise 
immunity. 


3.1.2 
Power-On 
Reset 


The power-on 
reset occurs 
when a positive 
transition 
is detected 
on VOO. The power-on 
reset is 


used strictly 
for power turn-on 
conditions 
and should not be used to detect any drops in the power 


supply voltage. 
There is no provision 
for a power-down 
reset. The power-on 
circuitry 
provides 
for a 
4064 tcyc delay from the time that the oscillator 
becomes active. 
If the external 
RESET pin is low at 
the end of the 4064 tcyc time out, 
the processor 
remains in the reset condition 
until 
RESET goes 


high. 


Table 3-1 shows 
the actions 
of the two 
resets on internal 
circuits, 
but not necessarily 
in order of 
occurrence 
(X indicates 
that the condition 
occurs 
for the particular 
reset). 


Systems 
often 
require that normal 
processing 
be interrupted 
so that some external 
event 
may be 
serviced. 
The MC68HC05C4 
may be interrupted 
by one of five different 
methods: 
either one of four 
maskable 
hardware 
interrupts 
(iRQ, SPI, SCI, or Timer) and one non-maskable 
software 
interrupt 


(SWI). 
Interrupts 
such as Timer, 
SPI, and SCI have several flags which 
will cause the interrupt. 


Generally, 
interrupt 
flags are located 
in read-only 
status registers, 
whereas 
their equivalent 
enable 


bits are located 
in associated 
control 
registers. 
The interrupt 
flags and enable bits are never con- 


tained in the same register. 
If the enable bit is a logic zero it blocks the interrupt 
from occurring 
but 
does not inhibit 
the flag from being set. Reset clears all enable bits to preclude 
interrupts 
during 
the 


reset procedure. 


The general sequence 
for clearing 
an interrupt 
is a software 
sequence 
of first accessing 
the status 
register while 
the interrupt 
flag is set, followed 
by a read or write 
of an associated 
register. 
When 
any of these interrupts 
occur, 
and if the enable bit is a logic one, normal processing 
is suspended 
at 
the end of the current 
instruction 
execution. 
Interrupts 
cause the processor 
registers to be saved on 


Internal 
Processor 


Clock" 


Internal 
Address 


Bus* 


I 
I,{ 


I 
I 
~OZ07ZZZZZZRI/IZZZZZOZZOZmZZZJIIIZZZZ//ZZ 


Itoxov I 4064 leye 
I 
I 
I 
I 
,0 
--to 
-I 
-1 
I 
I 
, 
I 
I 
t+- 
teye 


I 


Internal 


Data 
Bus* 


* Internal 
timing 
signal and bus information 
not available 
externally 


* * 05Cl 
line is not meant 
to rapresent 
frequency. 
It is only used to represent 
time 
* * * The next rising edge of the internal 
processor 
clock 
following 
the rising edge of RESET initiates 
the reset sequence . 
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RESET 
Power-On 


Condition 
Pin 
Reset 


Timer Prescaler reset to zero state 
X 
X 


Timer counter configured 
to SFFFC 
X 
X 


Timer output compare 
(TeMP) 
bit reset to zero 
X 
X 


All timer interrupt enable bits cleared (JClE, OeIE, 
and TOIEI to disable timer Interrupts. 
X 
X 


The OLVL timer bit is also cleared by reset 
All data direction registers cleared to zero (input) 
X 
X 


Configure 
stack 
pointer 
to SOOFF 
X 
X 


Force internal address bus to restart vector (SlFFE-$lFFFl 
X 
X 


Set I bit in condition code register to a logic one 
X 
X 


Clear STOP latch 
X' 
X 


Clear external interrupt latch 
X 
X 


Clear WAIT 
latch 
X 
X 


Disable 
SCI Iserial control 
bits TE = 0 and RE = OJ. Other 
SCI bits cleared 
by reset include: 
TIE, TCIE, 
X 
X 


RIE, IlIE, 
RWU, 
SBK, 
RDRF, 
IDLE, 
OR, NF, and FE. 


Disable SPI (serial output enable control bit SPE = 0>' Other SPI bits cleared by reset Include: SPIE. 
X 
X 


MSTR, 
SPIF, WCOL, 
and MODF. 
Set serial status bits TORE and Te 
X 
X 


Clear all serial interrupt enable bits lSPIE, TIE, and TCIEl 
X 
X 


Place SPI system 
in slave mode 
IMSTR=OJ 
X 
X 


Clear SCI prescaler 
rate control 
bits SCPO-SCPl 
X 
X 


the stack 
(see Figure 2-6) and the interrupt 
mask (I bit) set to prevent 
additional 
interrupts, 
The 
appropriilte 
interrupt 
vector then points to the starting 
address of the interrupt 
service routine 
(refer 
to Figure 2-4 for vector 
location). 
Upon completion 
of the interrupt 
service routine, 
the RTI instruc- 


tion (which 
is normally 
a part of the service routine) 
causes the register contents 
to be recovered 
from the stack followed 
by a return to normal 
processing. 
The stack order is shown 
in Figure 2-6. 


NOTE 
The interrupt 
mask bit (I bit) will be cleared if and only if the corresponding 
bit stored in 
the stack is zero. 


A discussion 
of interrupts, 
plus a table listing vector 
addresses for all interrupts 
including 
reset, in 
the MC68HC05C4 
is provided 
in Table 3-2 


Flag 
CPU 
Vector 
Register 
Name 
Interrupts 
Interrupt 
Address 


N/A 
N/A 
Reset 
RESET 
$lFFE-$lFFF 
N/A 
N/A 
Software 
SWI 
$1FFC-$l FFD 
N/A 
N/A 
External Interrupt 
iRli 
$1FFA-$l FFB 


Timer Status 
ICF 
Input Capture 
TIMER 
$lFF8-$lFF9 
OCF 
Output 
Compare 
TOF 
Timer Overflow 
SCI Status 
TDRE 
Transmit 
Buffer Empty 
SCI 
$lFF6-$IFF7 
TC 
Transmit Complete 
RDRF 
Receiver Buffer Full 
IDLE 
Idle line 
Detect 


OR 
Overrun 


SPI Status 
SPIF 
Transfer Complete 
SPI 
$lFF4-$lFF5 
MODF 
Mode Fault 


3.2.1 
Hardware 
Controlled 
Interrupt 
Sequence 


The following 
three functions 
(RESET, STOP, and WAIT) 
are not in the strictest 
sense an interrupt; 


however, 
they are acted upon in a similar manner. 
Flowcharts 
for hardware 
interrupts 
are shown 
in 
Figure 3-2, and for STOP and WAIT 
are provided 
in Figure 3-3. A discussion 
is provided 
below. 


(a) - 
A low input on the RESET input pin causes the program 
to vector to its starting 
address 


which 
is specified 
by the contents 
of memory 
locations 
$1FFE and $1FFF. The I bit in the 


condition 
code register is also set. Much of the MCU is configured 
to a known 
state dur- 


ing this type of reset as previously 
described 
in RESETS paragraph 
3.1. 


(b) 
STOP - 
The STOP instruction 
causes the oscillator 
to be turned off and the processor 
to "sleep" 
until an external 
interrupt 
(rRTI) or reset occurs. 


(c) 
WAIT 
- 
The WAIT 
instruction 
causes 
all processor 
clocks 
to stop, 
but 
leaves the 


Timer, 
SCI, and SPI clocks running. 
This "rest" 
state of the processor 
can be cleared by 


reset, an external 
interrupt 
(rFm), Timer interrupt, 
SPI interrupt, 
or SCI interrupt. 
There 


are no special wait vectors 
for these individual 
interrupts. 


3.2.2 
Software 
Interrupt 
(SWI) 


The software 
interrupt 
is an executable 
instruction. 
The action 
of the SWI instruction 
is similar to 


the hardware 
interrupts. 
The SWI is executed 
regardless of the state of the interrupt 
mask (I bitl in 
the condition 
code register. 
The interrupt 
service 
routine 
address is specified 
by the contents 
of 
memory 
location 
$lFFC 
and $lFFD. 


3.2.3 
External 
Interrupt 


If the interrupt 
mask (I bit) of the condition 
code register has been cleared and the external interrupt 


pin (IRQ) has gone low, then the external interrupt 
is recognized. 
When the interrupt 
is recognized, 


the current 
state of the CPU is pushed onto the stack and the I bit is set. This masks further 
inter- 


rupts until the present one is serviced. 
The interrupt 
service routine address is specified 
by the con- 


tents 
of memory 
location 
$1FFA and $1FFB. Either a level-sensitive 
and negative 
edge-sensitive 


trigger, 
or a negative 
edge-sensitive 
only trigger 
are available as a mask option. 
Figure 3-4 shows 


both a functional 
and mode timing diagram for the interrupt 
line. The timing diagram shows two dif- 


ferent treatments 
of the interrupt 
line (IRQ) to the processor. 
The first method 
shows single pulses 


on the interrupt 
line spaced far enough 
apart to be serviced. 
The minimum 
time between 
pulses is a 
function 
of the number 
of cycles required 
to execute 
the interrupt 
service routine 
plus 21 cycles. 


Once a pulse occurs, 
the next pulse should not occur until the MCU software 
has exited the routine 
(an RTI occurs). 
The second 
configuration 
shows several interrupt 
lines "wire-ORed" 
to form the 


interrupts 
at the processor. 
Thus, if after servicing 
one interrupt 
the interrupt 
line remains low, then 
the next interrupt 
is recognized. 


NOTE 
The internal 
interrupt 
latch is cleared in the first part of the service routine; 
therefore, 
one 


(and only one) external 
interrupt 
pulse could be latched during tlLlL and serviced as soon 
as the I bit is cleared. 


• 


Clear 
IRQ 
Request 
Latch 


Load 
PC From: 


fRCi: $1 FFA-$1 FFB 
Timer: 
$1FFB-$lFF9 
SCI: 
$lFF6-$lFF7 
SPI: 
$lFF4-$lFF5 


Complete 
Interrupt 
Routine 


and Execute 
RTI 


(1) Fetch Reset Vector or 
(21 Service Interrupt 


a. Stack 
b. Set I Bit 
c. Vector to Interrupt 
Routine 


Oscillator Active 
Timer, 
SCI, And 
SPI 
Clocks Active 
Processor Clocks Stopped 


(1) Fetch Reset Vector or 
(2) Service Interrupt 


a. Stack 
b. Set I Bit 
c. Vector to Interrupt 


Routine 


• 


External 
Interrupt 
Request 


• 


Power-On Reset 


External Reset 


External Interrupt 
Being Serviced (Read of Vectorsl 


IRO~tILIH 
U 


I. 
tlllL----- 
...•·~1 


Edg~Sensitive 
Trigger Condition 


The minimum 
pulse width 
ltlllH) 
is either 


125 ns 1VOO= 5 VI or 250 ns (VOO= 
3 VI. 
The period tlLlL 
should not be less than 


the number of teyc cycles it takes to ex- 
ecute the interrupt 
service routine plus 21 


tcyc cycles. 


Leve~Sensitive 
Trigger 
Condition 


If after servicing 
an interrupt 
the IRQ re- 


mains 
low, 
then 
the 
next 
interrupt 
is 
recognized . 


IRO~r----tILIH~ 
.. 


IROn 
---_I 


Normally 
Used with 
Wire-ORed 
Connection 


IRO---, 
r 


IMCUI 
1 
, 


3.2.4 
Timer 
Interrupt 


There are three different 
timer interrupt 
flags that will cause a timer interrupt 
whenever 
they are set 
and enabled. 
These three 
interrupt 
flags are found 
in the three most significant 
bits of the timer 
status 
register 
(TSR, 
location 
$13) and all three will vector 
to the same interrupt 
service 
routine 
($lFF8-$lFF9). 


All 
interrupt 
flags 
have corresponding 
enable 
bits 
!ICIE, 
OCIE, 
and TOlE) 
in the 
timer 
control 
register (TCR, location 
$12). Reset clears all enable bits, thus preventing 
an interrupt 
from occurring 
during the reset time period. The actual processor 
interrupt 
is generated 
only if the I bit in the condi- 
tion code register 
is also cleared. 
When 
the interrupt 
is recognized, 
the current 
machine 
state is 
pushed onto the stack and I bit is set. This masks further 
interrupts 
until the present one is serviced. 
The interrupt 
service 
routine 
address is specified 
by the contents 
of memory 
location 
$1FF8 and 
$1FF9. The general 
sequence 
for clearing 
an interrupt 
is a software 
sequence 
of accessing 
the 
status 
register while 
the flag is set, followed 
by a read or write 
of an associated 
register. 
Refer to 
SECTION 
4 PROGRAMMABLE 
TIMER 
for additional 
information 
about 
the timer circuitry. 


3.2.5 
Serial Communications 
Interface 
(SCI) Interrupts 


An interrupt 
in the serial communications 
interface 
(SCI) occurs when one of the interrupt 
flag bits 
in the serial communications 
status register is set, provided 
the I bit in the condition 
code register is 


clear and the enable bit in the serial communications 
control 
register 2 !location 
$OF) is enabled. 
When the interrupt 
is recognized, 
the current state of the machine is pushed onto the stack and the 
I bit in the condition 
code register is set. This masks further 
interrupts 
until the present one is ser- 
viced. The SCI interrupt 
causes the program 
counter 
to vector to memory 
location 
$1FF6 and $1FF7 


which 
contains 
the starting 
address of the interrupt 
service routine. 
Software 
in the serial interrupt 
service routine 
must determine 
the priority 
and cause of the SCI interrupt 
by examining 
the interrupt 
flags and the status 
bits located 
in the serial communications 
status 
register 
(location 
$10), The 


general 
sequence 
for clearing 
an interrupt 
is a software 
sequence 
of accessing 
the serial com- 


munications 
status register while the flag is set followed 
by a read or write of an associated 
register. 


Refer to SECTION 5 SERIAL COMMUNICATIONS 
INTERFACE 
for a description 
of the SCI system 
and its interrupts. 


3.2.6 
Serial Peripheral 
Interface 
(SPI) Interrupts 


An interrupt 
in the serial peripheral 
interface 
(SPI) occurs when one of the interrupt 
flag bits in the 


serial peripheral 
status register !location 
SOB) is set, provided 
the I bit in the condition 
code register 
is clear and the enable bit in the serial peripheral control 
register !location 
$OA) is enabled. When the 


interrupt 
is recognized, 
the current state of the machine 
is pushed onto the stack and the I bit in the 
condition 
code register 
is set. This masks further 
interrupts 
until the present 
one is serviced. 
The 


SPI interrupt 
causes the program 
counter 
to vector 
to memory 
location 
$1FF4 and $1FF5 which 
contains 
the starting 
address of the interrupt 
service routine. 
Software 
in the serial peripheral 
inter- 


rupt service 
routine 
must determine 
the priority 
and cause of the SPI interrupt 
by examining 
the 
interrupt 
flag bits located in the SPI status register. The general sequence for clearing an interrupt 
is 
a software 
sequence 
of accessing the status register while the flag is set, followed 
by a read or write 


of an associated 
register. 
Refer to SECTION 6 SERIAL 
PERIPHERAL 
INTERFACE 
for a description 
of the SPI system 
and its interrupts. 
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3.3.1 
STOP Instruction 


The 
STOP 
instruction 
places the 
MC68HC05C4 
in its lowest 
power 
consumption 
mode. 
In the 
STOP mode the internal 
oscillator 
is turned off. causing all internal 
processing 
to be halted; 
refer to 
Figure 3-3. During the STOP mode, the I bit in the condition 
code register is cleared to enable exter- 


nal interrupts. 
All other registers and memory 
remain unaltered 
and all input/output 
lines remain un- 


changed. 
This continues 
until an external 
interrupt 
(IRQ) or reset is sensed at which 
time the inter- 


nal oscillator 
is turned 
on. The external 
interrupt 
or reset causes the program 
counter 
to vector 
to 
memory 
location 
$1FFA and $1 FFB or $1FFE and $1 FFF which 
contains 
the starting 
address of the 


interrupt 
or reset service 
routine 
respectively. 


3.3.2 
WAIT 
Instruction 


The WAIT 
instruction 
places the MC68HC05C4 
in a low power 
consumption 
mode, 
but the WAIT 
mode consumes 
somewhat 
more power 
than the STOP mode. 
In the WAIT 
mode, 
the internal 
clock remains active, 
and all CPU processing 
is stopped; 
however, 
the programmable 
timer, 
serial 


peripheral 
interface, 
and serial communications 
interface 
systems 
remain 
active. 
Refer to Figure 
3-3. During the WAIT 
mode, the I bit in the condition 
code register is cleared to enable all interrupts. 


All 
other 
registers 
and 
memory 
remain 
unaltered 
and all parallel 
input/output 
lines remain 
un- 


changed. 
This continues 
until any interrupt 
or reset is sensed. At this time the program 
counter 
vec- 
tors to the memory 
location 
($1 FF4 through 
$1FFF) which 
contains 
the starting 
address of the inter- 


rupt or reset service routine. 


SECTION 4 
PROGRAMMABLE 
TIMER 


The programmable 
timer, 
which 
is preceded 
by a fixed 
divide-by-four 
prescaler, 
can be used for 
many purposes, 
including 
input waveform 
measurements 
while simultaneously 
generating 
an out- 


put waveform. 
Pulse widths 
can vary from several microseconds 
to many seconds. 
A block diagram 
of the timer 
is shown 
in Figure 4-1 and timing 
diagrams 
are shown 
in Figures 4-2 through 
4-5. 


Because 
the 
timer 
has a 16-bit 
architecture, 
each 
specific 
functional 
segment 
(capability) 
is 
represented 
by two registers. 
These registers contain 
the high and low byte of that functional 
seg- 
ment. Generally, 
accessing 
the low byte of a specific 
timer function 
allows full control 
of that func- 
tion; 
however, 
an access of the high byte inhibits 
that specific 
timer function 
until the low byte is 
also accessed. 


NOTE 


The I bit in the condition 
code register should be set while manipulating 
both the high and 
low byte register of a specific 
timer function 
to ensure that an interrupt 
does not occur. 


This prevents 
interrupts 
from occurring 
between 
the time that the high and low bytes are 
accessed. 


The programmable 
timer 
capabilities 
are provided 
by using 
the following 
ten addressable 
8-bit 
registers 
(note 
the 
high and low 
represent 
the significance 
of the byte). 
A description 
of each 
register 
is provided 
below. 


Timer 
Control 
Register 
(TCR) location 
$12, 


Timer 
Status 
Register 
ITSR) 
location 
$13, 


Input 
Capture 
High Register 
location 
$14, 


Input 
Capture 
Low 
Register 
location 
$15, 


Output 
Compare 
High Register 
location 
$16, 


Output 
Compare 
Low Register 
location 
$17, 


Counter 
High Register 
location 
$18, 


Counter 
Low Register 
location 
$19, 


Alternate 
Counter 
High Register 
location 
$1A, and 


Alternate 
Counter 
Low 
Register 
location 
$1B. 
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Internal 


Processor 


Clock 


High 
low 
Byte 
Byte 


16-Bit Free 
$18 
Running 
Counter 
$19 


Counter 
$lA 
Alternate 
Register 
$1B 


Timer 
Status 
Reg. 


Output 


Level 
Reg. 


D 
a 


ClK 


Timer 
Control 
Reg. 
$12 
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Level 
(TCMP 


Pin 351 
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Resetl 
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H 
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Counter 
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X 
X 
X 
116-8;11 
SFFFC 
SFFFD 
SFFFE 
SFFFF 


I 
1/11// 


RESET 


1External 
or End of PORI 


NOTE: 
The Counter 
Register 
and Timer 
Control 
Register 
are the only ones affected 
by RESET . 
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n 
n 
_ 
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$FFEE 
X 


SFFEF 
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NOTES: 
1. The CPU write to the compare register may take place at any time, but a compare only occurs at timer state T01 
Thus, a 4- 


cycle difference 
may exist between 
the write to the compare 
register and the actual compare. 


2. Internal compare 
takes place during 
timer state T01. 
3. OCF is set at the timer state T11 which 
follows 
the comparison 
match (SFFEO in this example) 


Internal 
Processor 
Clock 


TOO 
n 
n 
n 
r 


TOI Jl 
n 
n 
n 
Internal 
Timer 
Clocks 


Tl0 ---.n 
n 
n 
n 


T11 
n 
n 
n 
rL 


Counter 


~ 


$FFFF 
X 
X 
X 
116-Bit! 
$סס oo 
$0001 
$0002 


Timer 
/ 


Overflow 
Flag ITOFI 


The key element 
in the programmable 
timer 
is a 16-bit free running 
counter, 
or counter 
register, 


preceded 
by a prescaler which 
divides the internal 
processor 
clock by four. The prescaler gives the 
timer a resolution 
of 2.0 microseconds 
if the internal 
processor 
clock 
is 2.0 MHz. 
The counter 
is 


clocked 
to increasing 
values during 
the low portion 
of the internal 
processor 
clock. 
Software 
can 
read the counter 
at any time without 
affecting 
its value. 


The double 
byte free running 
counter 
can be read from 
either 
of two 
locations 
$18-$19 (called 
counter 
register at this location), 
or $1A-$1 B (counter 
alternate 
register at this location). 
A read se- 


quence containing 
only a read of the least significant 
byte of the free running 
counter 
($19,$1 B) will 
receive the count value at the time of the read. If a read of the free running 
counter 
or counter 
alter- 


nate register first addresses 
the most significant 
byte ($18,$1A) 
it causes the least significant 
byte 
($19,$1 B) to be transferred 
to a buffer. 
This buffer value remains fixed after the first most significant 
byte "read" 
even if the user reads the most significant 
byte several times. This buffer 
is accessed 
when 
reading 
the free running 
counter 
or counter 
alternate 
register 
least significant 
byte ($19 or 
$1B), and thus completes 
a read sequence 
of the total counter 
value. Note that in reading either the 
free running 
counter 
or counter 
alternate 
register, 
if the most 
significant 
byte 
is read, the least 
significant 
byte must also be read in order to complete 
the sequence. 


The free running 
counter 
is configured 
to $FFFC during 
reset and is always 
a read-only 
register. 


During 
a power-on-reset 
(POR), the counter 
is also configured 
to $FFFC and begins running 
after 
the oscillator 
startup 
delay. Because the free running 
counter 
is 16 bits preceded 
by a fixed divide- 


by-four 
prescaler, 
the value in the free running 
counter 
repeats every 262,144 
MPU internal 
pro- 
cessor clock cycles. When the counter 
rolls over from $FFFF to $ססOO,the timer overflow 
flag (TOFI 
bit is set. An interrupt 
can also be enabled 
when 
counter 
rollover 
occurs 
by setting 
its interrupt 
enable bit (TOIEI. 


The output 
compare 
register is a 16-bit register, 
which 
is made up of two 8-bit registers at locations 
$16 (most significant 
byte) and $17 (least significant 
byte). The output 
compare 
register can be used 
for several purposes 
such as, controlling 
an output 
waveform 
or indicating 
when a period of time 
has elapsed. The output 
compare 
register is unique in that all bits are readable and writable 
and are 
not altered by the timer hardware. 
Reset does not affect the contents 
of this register and if the com- 


pare function 
is not utilized, 
the two bytes of the output 
compare 
register can be used as storage 
locations. 


The contents 
of the output 
compare 
register are compared 
with 
the contents 
of the free running 
counter 
once during 
every four 
internal 
processor 
clocks. 
If a match 
is found, 
the corresponding 
output 
compare 
flag (OCF) bit is set and the corresponding 
output 
level (OLVU 
bit is clocked 
(by 
the output 
compare 
circuit 
pulse) to an output 
level register. 
The values in the output 
compare 
register 
and the output 
level bit should 
be changed 
after each successful 
comparison 
in or~er to 
control 
an output 
waveform 
or establish a new elapsed timeout. 
An interrupt 
can also accompany 
a 
successful 
output 
compare 
provided 
the corresponding 
interrupt 
enable bit, OCIE, is set. 


After 
a processor 
write 
cycle to the output 
compare 
register 
containing 
the most significant 
byte 
($16), the output 
compare 
function 
is inhibited 
until the least significant 
byte ($17) is also written. 


The user must write 
both bytes (locations) 
if the most significant 
byte is written 
first. A write 
made 


• 
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only to the least significant 
byte 1$17) will 
not inhibit 
the compare 
function. 
The free running 


counter 
is updated 
every four internal 
processor clock cycles due to the internal 
prescaler. The 


minimum time required to update the output compare register is a function 
of the software program 


rather than the internal hardware. 


A processor write may be made to either byte of the output compare register without 
affecting 
the 
other byte. The output level (OLVU 
bit is clocked to the output level register regardless of whether 
the output 
compare flag (OCF) is set or clear. 


Because neither the output compare flag IOCF bit) or output compare register is affected 
by reset, 


care must be exercised when initializing the output compare function 
with software. 
The following 
procedure 
is recommended: 


(1) Write the high byte of the output compare register to inhibit further compares until the low 
byte is written. 


(2) Read the timer status register to arm the OCF if it is already set. 


(3) Write the output compare register low byte to enable the output compare function 
with the 


flag clear. 


The advantage of this procedure is to prevent the OCF bit from being set between the time it is read 
and the write to the output 
compare register. A software 
example is shown below. 


OCMPHI 
TSTAT 
OCMPLD 


INHIBIT OUTPUT COMPARE 
ARM OCF BIT IF SET 
READY FOR NEXT COMPARE 


STA 
LDA 
STX 


The two 8-bit registers which make up the 16-bit input capture register are read-only and are used to 
latch the value of the free running counter after a defined transition 
is sensed by the corresponding 
input capture edge detector. 
The level transition 
which triggers the counter transfer is defined by 
the corresponding 
input edge bit (IEDGl. Reset does not affect the contents 
of the input capture 
register. 


The result obtained by an input capture will be one more than the value of the free running counter 
on the rising edge of the internal processor clock preceding the external transition 
(refer to timing 
diagram shown in Figure 4-3l. This delay is required for internal synchronization. 
Resolution is af- 


fected by the prescaler allowing 
the timer to only increment 
every four internal processor clock 
cycles. 


The free running counter contents are transferred to the input capture register on each proper signal 
transition 
regardless of whether 
the input capture 
flag (ICF) is set or clear. The input 
capture 
register always contains the free running counter value which corresponds to the most recent input 
capture. 


After a read of the most significant 
byte of the input capture register ($14), counter transfer is in- 
hibited 
until 
the 
least significant 
byte 
($15) of 
the 
input 
capture 
register 
is also read. 
This 


characteristic 
forces the minimum 
pulse period attainable to be determined 
by the time used in the 
capture software 
routine and its interaction 
with the main program. 
The free running counter 
in- 


crements every four internal processor clock cycles due to the prescaler. 


A read of the least significant 
byte 
($15) of the input 
capture 
register 
does not 
inhibit 
the free 
running 
counter 
transfer. 
Again, 
minimum 
pulse periods are ones which 
allow software 
to read the 
least significant 
byte ($15) and perform 
needed operations. 
There is no conflict 
between 
the read of 
the input capture 
register and the free running 
counter 
transfer 
since they occur on opposite 
edges 
of the internal 
processor 
clock. 


The timer control 
register (TCR, location 
$12) is an 8-bit read/write 
register which 
contains 
five con- 
trol bits. Three of these bits control 
interrupts 
associated 
with 
each of the three flag bits found 
in 
the timer status register 
(discussed 
below). 
The other two bits control: 
1) which 
edge is significant 
to the input capture 
edge detector 
(i.e., negative or positive), 
and 2) the next value to be clocked 
to 
the output 
level register in response to a successful 
output 
compare. 
The timer control 
register and 
the free running 
counter 
are the only sections of the timer affected 
by reset. The TCM P pin is forced 
low during external 
reset and stays low until a valid compare 
changes it to a high. The timer control 
register 
is illustrated 
below 
followed 
by a definition 
of each bit. 


, 
0 


IEDG 
OLVL 


If the input capture 
interrupt 
enable (ICIE) bit is set. a timer interrupt 
is enabled 
when 
the ICF status flag (in the timer status 
register) 
is set. If the ICIE bit is 
clear, the interrupt 
is inhibited. 
The ICIE bit is cleared 
by reset. 


If the output 
compare 
interrupt 
enable 
(OCIE) bit is set. a timer 
interrupt 
is 
enabled whenever 
the OCF status flag is set. If the OCIE bit is clear, the inter- 
rupt is inhibited. 
The OCIE bit is cleared 
by reset. 


If the timer 
overflow 
interrupt 
enable 
(TOI E) bit 
is set. 
a timer 
interrupt 
is 
enabled whenever 
the TOF status flag (in the timer status register) is set. If the 
TOlE bit is clear, the interrupt 
is inhibited. 
The TOlE bit is cleared 
by reset. 


The value of the input edge (IEDG) bit determines 
which 
level transition 
on pin 
37 will 
trigger 
a free running 
counter 
transfer 
to the input 
capture 
register. 


Reset does not affect 
the IEDG bit. 


0= negative 
edge 
1= positive 
edge 


The value of the output 
level (OLVU 
bit is clocked 
into the output 
level register 
by the next successful 
output 
compare 
and will appear at pin 35. This bit and 
the output 
level register are cleared 
by reset. 
0= low output 
1= high output 


• 
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4.6 
TIMER 
STATUS 
REGISTER 
(TSR) 


The timer status 
register 
(TSR) is an 8-bit register of which 
the three most significant 
bits contain 
read-only 
status 
information. 
These three bits indicate 
the following: 


1. A proper transition 
has taken place at pin 37 with an accompanying 
transfer 
of the free run- 


ning counter 
contents 
to the input capture 
register, 


2. A match has been found between 
the free running 
counter 
and the output 
compare 
register, 


and 


3. A free running 
counter 
transition 
from $FFFF to $()()()()has been sensed (timer 
overflow). 


The timer 
status 
register 
is illustrated 
below 
followed 
by a definition 
of each bit. 
Refer to timing 
diagrams 
shown 
in Figures 4-2, 4-3, and 4-4 for timing 
relationship 
to the timer status register bits. 


The input capture 
flag (ICF) is set when a proper edge has been sensed by the 
input 
capture 
edge detector. 
It is cleared 
by a processor 
access of the timer 


status register (with 
ICF set) followed 
by accessing the low byte ($15) of the in- 


put capture 
register. 
Reset does not affect 
the input 
compare 
flag. 


The output 
compare 
flag (OCFl is set when 
the output 
compare 
register 
con- 


tents matches 
the contents 
of the free running 
counter. 
The OCF is cleared by 
accessing 
the timer status register 
(with 
OCF set) and then accessing 
the low 


byte ($17) of the output 
compare 
register. 
Reset does not affect 
the output 


compare 
flag. 


The timer 
overflow 
flag 
(TOF) 
bit is set by a transition 
of the free running 


counter 
from $FFFF to $()()()().It is cleared by accessing the timer status register 


(with 
TOF set) followed 
by an access of the free running 
counter 
least signifi- 
cant byte ($19). Reset does not affect 
the TOF bit. 


Accessing 
the timer status register satisfies the first condition 
required to clear any status bits which 
happen to be set during 
the access. The only remaining 
step is to provide an access of the register 


which 
is associated 
with the status bit. Typically, 
this presents no problem 
for the input capture and 


output 
compare 
functions. 


A problem 
can occur when using the timer overflow 
function 
and reading the free running 
counter 
at random 
times to measure an elapsed time. 
Without 
incorporating 
the proper 
precautions 
into 


software, 
the timer overflow 
flag could 
unintentionally 
be cleared if: 1) the timer status register 
is 
read or written 
when TOF is set, and 2) the least significant 
byte of the free running 
counter 
is read 
but not for the purpose of servicing 
the flag. The counter 
alternate 
register at address $1A and $1B 


contains 
the same value as the free running 
counter 
(at address $18 and $19); therefore, 
this alter- 


nate register 
can be read at any time without 
affecting 
the timer overflow 
flag in the timer status 


register. 


During 
STOP and WAIT 
instructions, 
the programmable 
timer functions 
as follows: 
during the wait 
mode, the timer continues 
to operate normally 
and may generate an interrupt 
to trigger the CPU out 
of the wait state; 
during 
the stop mode, 
the timer holds at its current 
state, 
retaining 
all data, and 
resumes operation 
from 
this point when 
an external 
interrupt 
is received. 


SECTION 
5 
SERIAL COMMUNICATIONS 
INTERFACE 
(SCIl 


A full-duplex 
asynchronous 
serial communications 
interface 
(SCIl is provided 
with a standard 
NRZ 
format 
and a variety 
of baud rates. The SCI transmitter 
and receiver are functionally 
independent, 


but use the same data format 
and bit rate. The serial data format 
is standard 
mark/space 
(NRZ) 
which 
provide one start bit, eight or nine data bits, and one stop bit. "Baud" 
and "bit 
rate" are used 
synonymously 
in the following 
description. 


5.1.1 
SCI Two Wire 
System 
Features 


• 
Standard 
NRZ (mark/space) 
format. 


• 
Advanced 
error detection 
method 
includes 
noise detection 
for noise duration 
of up to 1/16 bit 


time. 


• 
Full-duplex 
operation 
(simultaneous 
transmit 
and receivel. 


• 
Software 
programmable 
for one of 32 different 
baud rates. 


• 
Software 
selectable 
world 
length 
(eight or nine bit words). 


• 
Separate 
transmitter 
and receiver enable bits. 


• 
SCI may be interrupt 
driven. 


• 
Four separate 
enable bits available 
for interrupt 
control. 


5.1.2 
SCI Receiver 
Features 


• 
Receiver wake-up 
function 
(idle or address bitl. 


• 
Idle line detect. 


• 
Framing 
error detect. 


• 
Noise detect. 


• 
Overrun 
detect. 


• 
Receiver data register 
full flag. 


5.1.3 
SCI Transmitter 
Features 


• 
Transmit 
data register 
empty 
flag. 


• 
Transmit 
complete 
flag. 


• 
Break send. 


• 
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5.2 
DATA 
FORMAT 


Receive data in (ROil or transmit 
data out (TOO) is the serial data which 
is presented 
between 
the 
internal 
data bus and the output 
pin (TOO), and between 
the input 
pin (ROil and the internal 
data 
bus. Oata format 
is as shown 
for the NRZ in Figure 5-1 and must meet the following 
criteria: 


1. A high level indicates 
a logic one and a low level indicates 
a logic zero. 


2. The idle line is in a high (logic one) state prior to transmission/reception 
of a message. 


3. A start bit (logic zero) is transmitted/received 
indicating 
the start of a message. 


4. The data is transmitted 
and received 
least-significant-bit 
first. 


5. A stop bit (high in the tenth 
or eleventh 
bit position) 
indicates 
the byte is complete. 


6. A break is defined 
as the transmission 
or reception 
of a low (logic zero) for some multiple 
of 
the data format. 


In a typical 
multiprocessor 
configuration, 
the software 
protocol 
will usually identify 
the addressee(s) 
at the beginning 
of the message. 
In order to permit 
uninterested 
MPUs to ignore the remainder 
of 
the message, a wake-up 
feature is included 
whereby 
all further 
SCI receiver flag (and interrupt) 
pro- 
cessing can be inhibited 
until its data line returns to the idle state. An SCI receiver is re-enabled 
by 


an idle string of at least ten (or eleven) consecutive 
ones. Software 
for the transmitter 
must provide 
for the required 
idle string 
between 
consecutive 
messages 
and prevent 
it from 
occurring 
within 
messages. 


The user is allowed 
a second 
method 
of providing 
the wake-up 
feature 
in lieu of the idle string 
discussed 
above. This method 
allows the user to insert a logic one in the most significant 
bit of the 
transmit 
data word 
which 
needs to be received 
by all "sleeping" 
processors. 


Receive data in is the serial data which 
is presented 
from the input 
pin via the SCI to the internal 
data bus. While 
waiting 
for a start bit, the receiver samples 
the input 
at a rate which 
is 16 times 
higher than the set baud rate. This 16 times higher-than-baud 
rate is referred 
to as the RT rate in 
Figures 5-2 and 5-3, and as the receiver clock 
in Figure 5-7. When 
the input 
(idle) line is detected 
low, 
it is tested 
for three more sample times (referred 
to as the start edge verification 
samples 
in 
Figure 5-2l. 
If at least two of these three verification 
samples detect 
a logic low, a valid start bit is 
assumed 
to have been detected 
(by a logic 
low following 
the three start qualifiers) 
as shown 
in 
Figure 5-2; however, 
if in two or more of the verification 
samples a logic high is detected, 
the line is 
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assumed 
to be idle. (A noise flag is set if one of the three verification 
samples detects a logic high. 
thus a valid start bit could be assumed and a noise flag still set.) The receiver clock generator 
is con- 


trolled by the baud rate register (see Figures 5-6 and 5-7); however. 
the serial communications 
inter- 


face is synchronized 
by the start bit (independent 
of the transmitter). 


Once a valid start bit is detected. 
the start bit. each data bit. and the stop bit are sampled 
three 


times at RT intervals 
of 8RT. 9RT, and 10RT (1RT is the position 
where the bit is expected 
to start) 
as shown 
in Figure 5-3. The value of the bit is determined 
by voting 
logic which 
takes the value of 
the majority 
of samples (two or three out of three). 
A noise flag is set when all three samples on a 


valid start bit or a data bit or the stop bit do not agree. (As discussed above, a noise flag is also set 
when 
the start bit verification 
samples do not agree.) 


If there has been a framing 
error without 
detection 
of a break (10 zeros for 8-bit format 
or 11 zeros 


for 9-bit format), 
the circuit 
continues 
to operate as if there actually 
were a stop bit and the start 


• 


edge will be placed artificially. 
The last bit received 
in the data shift 
register 
is inverted 
to a logic 


one, and the three logic one start qualifiers 
(shown 
in Figure 5-2) are forced 
into the sample shift 
register during the interval when detection 
of a start bit is anticipated 
(see Figure 5-4); therefore 
the 
start bit will be accepted 
no sooner 
than it is anticipated. 


If the receiver 
detects 
that 
a break (RDRF = 1, FE= 1, receiver 
data register= 
$00) produced 
the 


framing 
error, 
the start bit will 
not be artificially 
induced 
and the receiver must actually 
receive a 


logic one bit before start. 
See Figure 5-5. 
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5.6 TRANSMIT 
DATA 
OUT (TOO) 


Transmit 
data out is the serial data which 
is presented 
from the internal 
data bus via the SCI and 
then to the output 
pin. Data format 
is as discussed above and shown 
in Figure 5-1. The transmitter 
generates a bit time by using a derivative 
of the RT clock, 
thus producing 
a transmission 
rate equal 
to 1/16 that of the receiver sample clock. 


There are five different 
registers used in the serial communications 
interface 
(SCIl and the internal 
configuration 
of these registers 
is discussed 
in the following 
paragraphs. 
A block diagram 
of the 
SCI system 
is shown 
in Figure 5-6. 


The serral communications 
data register performs 
two functions 
in the serial communications 
inter- 
face; i.e. it acts as the receive data register when it is read and as the transmit 
data register when it 
is written. 
Figure 5-6 shows this register as two separate registers, 
namely: the receive data register 
(RDR) 
and 
the 
transmit 
data 
register 
(TDR). 
As shown 
in Figure 
5-6, the TDR 
(transmit 
data 
register) 
provides 
the parallel interface 
from the internal 
data bus to the transmit 
shift 
register and 
the receive data register 
(RDR) provides 
the interface 
from the receive shift 
register to the internal 
data bus. 


When 
SCDAT 
is read, 
it becomes 
the receive 
data 
register 
and contains 
the last byte 
of data 
received. 
The receive data register, 
represented 
above, 
is a read-only 
register 
containing 
the last 
byte of data received 
from 
the shift 
register 
for the internal 
data bus. The RDRF bit (receive data 
register full bit in the serial communications 
status register) 
is set to indicate 
that a byte has been 
transferred 
from 
the 
input 
serial shift 
register 
to the serial communications 
data 
register. 
The 
transfer 
is synchronized 
with the receiver bit rate clock (from the receive controll 
as shown 
in Figure 
5-6. All data is received 
least-significant-bit 
first. 


When 
SCDAT 
is written, 
it becomes the transmit 
data register and contains 
the next byte of data to 
be transmitted. 
The transmit 
data register, 
also represented 
above, 
is a write-only 
register contain- 


ing the next byte of data to be applied 
to the transmit 
shift 
register from the internal 
data bus. As 
long as the transmitter 
is enabled, 
data stored in the serial communications 
data register is transfer- 


red to the transmit 
shift 
register 
(after the current 
byte in the shift 
register 
has been transmitted). 


The transfer 
from the SCDAT 
to the transmit 
shift 
register 
is synchronized 
with 
the bit rate clock 
(from the transmit 
controll 
as shown 
in Figure 5-6. All data is transmitted 
least-significant-bit 
first. 


4 
3 


M 
I WAKE I 


The serial communications 
control 
register 1 (SCCR1) provides 
the control 
bits which: 
1) determine 
the word 
length 
(either 8 or 9 bits), and 2) selects the method 
used for the wake-up 
feature. 
Bits 6 
and 7 provide 
a location 
for storing 
the ninth 
bit for longer 
bytes. 


• 


•• 


Internal 
Processor 
Clock 


If the M bit is a one, then this bit provides a storage location 
for the ninth bit in 
the receive data byte. 
Reset does not affect 
this bit. 


If the M bit is a one, then this bit provides a storage location 
for the ninth bit in 
the transmit 
data byte. 
Reset does not affect 
this bit. 


The option 
of the word 
length is selected by the configuration 
of this bit and is 
shown 
below. 
Reset does not affect 
this bit. 


0= 1 start bit, 8 data bits, 
1 stop bit 


1= 1 start bit, 9 data bits, 
1 stop bit 


This bit allows 
the user to select the method 
for receiver 
"wake 
up". 
If the 
WAKE 
bit is a logic zero, an idle line condition 
will "wake 
up" 
the receiver. 
If 
the WAKE 
bit is set to a logic one, the system 
acknowledges 
an address 
bit 
(most significant 
bit). The address bit is dependent 
on both the WAKE 
bit and 
the M bit level (table shown 
below). 
(Additionally, 
the receiver does not use the 
wake-up 
feature 
unless the RWU control 
bit in serial communications 
control 
register 2 is set as discussed 
below.) 
Reset does not affect 
this bit. 


Wake 
M 
o 
X 


Method 
of Receiver "Wake-Up" 


Detection 
of an idle line allows 
the next data byte received 
to cause the 
receive 
data 
register 
to fill and 
produce 
an 
RDRF flag. 
Detection 
of a received one in the eighth 
data bit allows an 
RDRF flag and associated 
error flags. 
Detection 
of a received 
one in the ninth 
data bit allows 
an 
RDRF flag and associated 
error flags. 


7 
6 
543 
I 
TIE 
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TCIE I 
RIE I 
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The serial communications 
control 
register 2 (SCCR2) provides 
the control 
bits which: 
individually 
enable/disable 
the transmitter 
or receiver, 
enable the system 
interrupts, 
and provide 
the wake-up 
enable bit and a "send 
break code" 
bit. Each of these bits is described 
below. 
(The individual 
flags 
are discussed 
in the 5.7.4 Serial Communications 
Status 
Register.) 


When the transmit 
interrupt 
enable bit is set, the SCI interrupt 
occurs provided 
TDRE is set (see Figure 5-61. When TIE is clear, the TDRE interrupt 
is disabled. 
Reset clears the TIE bit. 


When 
the transmission 
complete 
interrupt 
enable bit is set, the SCI interrupt 
occurs provided 
TC is set (see Figure 5-6). When TCIE is clear, the TC interrupt 
is disabled. 
Reset clears the TCIE bit. 


• 


When 
the receive interrupt 
enable bit is set, the SCI interrupt 
occurs 
provided 
OR is set or RORF is set (see Figure 5-6), When 
RIE is clear, the OR and RORF 
interrupts 
are disabled. 
Reset clears the RIE bit. 


When 
the idle line interrupt 
enable bit is set, the SCI interrupt 
occurs provided 
IDLE is set (see Figure 5-6), When 
ILiE is clear, the IDLE interrupt 
is disabled. 


Reset clears the ILiE bit. 


When 
the transmit 
enable bit is set, the transmit 
shift register output 
is applied 
to the TOO line. Depending 
on the state of control 
bit M in serial communica- 
tions control 
register 1, a preamble 
of 10 (M = 0) or 11 (M = 1) consecutive 
ones 


is transmitted 
when software 
sets the TE bit from a cleared state. If a transmis- 
sion is in progress, 
and TE is written 
to a zero, then the transmitter 
will wait 
until after the present byte has been transmitted 
before placing 
the TOO pin in 
the idle high-impedance 
state. If the TE bit has been written 
to a zero and then 
set to a one before the current 
byte is transmitted, 
the transmitter 
will wait until 
that byte is transmitted 
and will then initiate 
transmission 
of a new preamble. 
After 
the preamble 
is transmitted, 
and provided 
the TORE bit is set (no new 
data to transmit), 
the line remains 
idle (driven 
high while 
TE= 1); otherwise, 


normal 
transmission 
occurs. 
This 
function 
allows 
the 
user to "neatly" 
ter- 
minate 
a transmission 
sequence. 
After 
loading 
the last byte in the serial com- 


munications 
data register and receiving the interrupt 
from TORE, indicating 
the 
data has been transferred 
into the shift register, 
the user should clear TE. The 
last byte will 
then be transmitted 
and the line will 
go idle (high 
impedance). 


Reset clears the TE bit. 


When 
the receive enable bit is set, the receiver is enabled. 
When 
RE is clear, 
the receiver 
is disabled 
and all of the status 
bits associated 
with 
the receiver 
(RORF, 
IDLE, OR, NF, and FE) are inhibited. 
Reset clears the RE bit. 


When 
the receiver wake-up 
bit is set, it enables the "wake 
up" 
function. 
The 
type 
of "wake 
up" 
mode 
for 
the 
receiver 
is determined 
by the WAKE 
bit 
discussed 
above (in the SCCR1). When the RWU bit is set, no status flags will 


be set. Flags which 
were set previously 
will not be cleared when RWU is set. If 
the WAKE 
bit is cleared, RWU is cleared after receiving 
10 (M = 0) or 11 (M = 1) 
consecutive 
ones. 
Under 
these conditions, 
RWU 
cannot 
be set if the line is 
idle. If the WAKE 
bit is set, RWU is cleared after receiving 
an address bit. The 


RORF flag will then be set and the address byte will be stored 
in the receiver 


data register. 
Reset clears the RWU bit. 


When 
the send break bit is set the transmitter 
sends zeros in some number 
equal to a multiple 
of the data format 
bits. 
If the SBK bit is toggled 
set and 
clear, the transmitter 
sends 10 (M = 0) or 11 (M = 1) zeros and then reverts to 
idle or sending 
data. The actual 
number 
of zeros sent when 
SBK is toggled 
depends on the data format 
set by the M bit in the serial communications 
con- 
trol register 
1; therefore, 
the break code will be synchronous 
with 
respect 
to 
the data stream. 
At the completion 
of the break code, the transmitter 
sends at 


least one high bit to guarantee 
recognition 
of a valid start bit. Reset clears the 
SBK bit. 
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TDRE 


5 
4 


RDRF 
IDLE 


The serial communications 
status register (SCSR) provides inputs tD the interrupt 
logic circuits for 
generation 
of the SCI system interrupt. 
In addition, 
a noise flag bit and a framing error bit are also 
contained 
in the SCSR. 


The transmit 
data register empty bit is set to indicate that the contents 
of the 


serial communications 
data register have been transferred to the transmit serial 


shift register. If the TORE bit is clear, it indicates that the transfer has not yet 
occurred and a write to the serial communications 
data register will overwrite 


the previous value. The TORE bit is cleared by accessing the serial communica- 
tions status register (with 
TORE set), followed 
by writing 
to the serial com- 


munications 
data register. Data can not be transmitted 
unless the serial com- 


munications 
status register is accessed before writing to the serial communica- 


tions data register to clear the TORE flag bit. Reset sets the TORE bit. 


The transmit complete bit is set at the end of a data frame, preamble, or break 
condition 
if: 


1. TE= 1, TORE= 1, and no pending 
data, preamble, 
or break is to be 


transmitted; 
or 


2. TE= 0, and the data, preamble, or break (in the transmit shift register) 
has been transmitted. 


The TC bit is a status flag which indicates that one of the above conditions 
has 


occurred. 
The TC bit is cleared by accessing the serial communications 
status 


register (with TC set), followed 
by writing 
to the serial communications 
data 


register. It does not inhibit the transmitter 
function 
in any way. Reset sets the 


TC bit. 


When the receive data register full bit is set, it indicates that the receiver serial 
shift register is transferred 
to the serial communications 
data register. If multi- 


ple errors are detected 
in anyone 
received word, 
the NF, FE, and RORF bits 


will be affected 
as appropriate 
during the same clock cycle. The RORF bit is 


cleared when the serial communications 
status register is accessed (with RORF 


set) followed 
by a read of the serial communications 
data register. Reset clears 


the RORF bit. 


When 
the idle line detect 
bit is set, it indicates 
that a receiver idle line is 


detected 
(receipt of a minimum 
number of ones to constitute 
the number of 
bits in the byte format!. 
The minimum 
number 
of ones needed will 
be 10 
(M = 0) or 11 (M = 1). This allows a receiver that is not in the wake-up mode to 
detect the end of a message, detect the preamble of a new message, or to 
resynchronize 
with 
the transmitter. 
The IDLE bit is cleared by accessing the 
serial communications 
status register (with tOLE set) followed 
by a read of the 
serial communications 
data register. 
The IDLE bit will not be set again until 


• 


• 


after an RDRF has been. set; i.e., a new idle line occurs. 
The IDLE bit is not set 
by an idle line when 
the receiver "wakes 
up" 
from the wake-up 
mode. 
Reset 
clears the IDLE bit. 


When 
the overrun 
error bit is set, it indicates 
that the next byte is ready to be 
transferred 
from 
the receive shift 
register 
to the serial communications 
data 


register when 
it is already full (RDRF bit is set). Data transfer 
is then inhibited 
until the RDRF bit is cleared. 
Data in the serial communications 
data register is 
valid in this case, but additional 
data received during an overrun 
condition 
(in- 
cluding 
the byte causing 
the overrun) 
will be lost. The OR bit is cleared when 
the serial communications 
status 
register 
is accessed 
(with 
OR set), followed 
by a read of the serial communications 
data register. 
Reset clears the OR bit. 


The noise flag bit is set if there is noise on a "valid" 
start bit or if there is noise 
on any of the data bits or if there is noise on the stop bit. It is not set by noise 
on the idle line nor by invalid (false) start bits. If there is noise, the NF bit is not 
set until the RDRF flag is set. Each data bit is sampled three times as described 
above in RECEIVE DATA 
IN and shown 
in Figure 5-3. The NF bit represents the 
status of the byte in the serial communications 
data register. 
For the byte being 
received (shifted 
in) there will also be a "working" 
noise flag the value of which 
will 
be transferred 
to the NF bit when 
the serial data is loaded 
into the serial 


communications 
data 
register. 
The 
NF bit 
does 
not 
generate 
an 
interrupt 
because the RDRF bit gets set with 
NF and can be used to generate 
the inter- 


rupt. The NF bit is cleared when the serial communications 
status register is ac- 
cessed (with 
NF set), 
followed 
by a read of the serial communications 
data 
register. 
Reset clears the NF bit. 


The framing 
error bit is set when the byte boundaries 
in the bit stream are not 
synchronized 
with the receiver bit counter 
(generated 
by a "lost" 
stop bit). The 
byte is transferred 
to the serial communications 
data register and the RDRF bit 
is.set. The FE bit does not generate an interrupt 
because the RDRF bit is set at 
the same time as FE and can be used to generate the interrupt. 
Note that if the 
byte received causes a framing 
error and it will also cause an overrun 
if transfer- 
red to the serial communications 
data register, 
then the overrun 
bit will be set, 


but not the framing 
error bit, and the byte will not be transferred 
to the serial 


communications 
data 
register. 
The 
FE bit 
is cleared 
when 
the serial 
com- 


munications 
status register is accessed (with 
FE set) followed 
by a read of the 


serial communications 
data register. 
Reset clears the FE bit. 
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The baud rate register provides 
the means for selecting 
different 
baud rates which 
may be used as 
the rate control 
for the transmitter 
and receiver. The SCPO-SCPl 
bits function 
as a prescaler for the 


SCRO-SCR2 
bits. 
Together, 
these five bits provide 
multiple, 
baud rate combinations 
for a given 
crystal 
frequency. 


B5, SCP1 
B4, SCPO 


These two 
bits in the baud rate register are used as a prescaler to increase the 
range of standard 
baud rates controlled 
by the SCRO-SCR2 bits. A table of the 
prescaler 
internal 
processor 
clock 
division 
versus bit levels is provided 
below. 


Reset clears SCP1-SCPO bits (divide-by-onel. 


Internal 
Processor 
SCP1 
SCPO 
Clock Divide By 
0 
0 
1 
0 
1 
3 
1 
0 
4 


1 
1 
13 


B2, SCR2 
B1, SCR1 
BO, SCRO 


These three bits in the baud rate register are used to select the baud rates of 
both 
the transmitter 
and receiver. 
A table 
of baud 
rates versus 
bit levels is 


shown 
below. 
Reset does not affect 
the SCR2-SCRO bits. 


Prescaler Output 
SCR2 
SCR1 
SCRD 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 
0 
1 
0 
4 
0 
1 
1 
8 
1 
0 
0 
16 
1 
0 
1 
32 
1 
1 
0 
64 
1 
1 
1 
128 


The diagram of Figure 5-7 and Tables 5-1 and 5-2 illustrate 
the divided chain used to obtain the baud 


rate clock 
(transmit 
clockl. 
Note that there is a fixed 
rate divide-by-16 
between 
the receive clock 
(RT) and the transmit 
clock (Tx). The actual divider chain is controlled 
by the combined 
SCPO-SCP1 
and SCRG-SCR2 bits in the baud rate register 
as illustrated. 
All divided 
frequencies 
shown 
in the 
first table represent 
the final transmit 
clock 
(the actual 
baud rate) resulting 
from 
the internal 
pro- 


cessor clock 
division 
shown 
in the" 
divide-by" 
column 
only (prescaler 
division 
only). 
The second 
table illustrates 
how 
the prescaler 
output 
can be further 
divided 
by action 
of the SCI select bits 


(SCRO-SCR2). 
For example, 
assume that a 9600 Hz baud rate is required with a 2.4576 MHz exter- 


nal crystal. 
In this case the prescaler bits (SCPO-SCP1) could be configured 
as a divide-by-one 
or a 
divide-by-four. 
If a divide-by-four 
prescaler is used, then the SCRO-SCR2 bits must be configured 
as a divide-by-two. 
This results in a divide-by-128 
of the internal 
processor 
clock to produce 
a 9600 


Hz baud rate clock. 
Using the same crystal, 
the 9600 baud rate can be obtained 
with 
a prescaler 


divide-by-one 
and the SCRO-SCR2 bits configured 
for a divide-by-eight. 


NOTE 


The 
crystal 
frequency 
is internally 
divided-by-two 
to generate 
the 
internal 
processor 
clock. 


• 


• 


SCI 


Transmit 
Clock 
ITx) 


SCPO-SCP1 
Prescaler 
Control 


+N 


SCRO-SCR2 
SCI Select 


Rate Control 
+M 


SCP Bit 
Clock* 
Crystal Frequency MHz 


1 
0 
Divided 
By 
4.194304 
4.0 
2.4576 
2.0 
1.6432 


0 
0 
1 
131.072 kHz 
125.000 kHz 
76.60 
kHz 
6250 
kHz 
57.60 kHz 


0 
1 
3 
43.691 
kHz 
41.666 
kHz 
25.60 
kHz 
20.833 
kHz 
19.20 kHz 
1 
0 
4 
32.768 kHz 
31.250 kHz 
19.20 
kHz 
15.625 kHz 
14.40 kHz 


1 
1 
13 
10.082 kHz 
9600 Hz 
5907 
kHz 
4800 Hz 
4430 Hz 


NOTE: 
The divided frequencies shown In Table 5-1 represent baud rates whIch are the highest transmit baud rate lTxl that can be ob- 
tained by a specific crystal frequency and only uSing 
the prescaler division. Lower baud rates may be obtained by providing a 
further division using the sel rate select bits as shown below for some representative 
prescaler outputs 


SCR Bits 
Divide 
Representative 
Highest Prescaler Baud Rate Output 


2 
1 
0 
By 
131.072 kHz 
32.768 kHz 
76.60 kHz 
19.20 kHz 
9600 Hz 


0 
0 
0 
1 
131.072 kHz 
32.768 kHz 
76.60 kHz 
19.20 kHz 
9600 Hz 
0 
0 
1 
2 
65.536 
kHz 
16.364 kHz 
38.40 
kHz 
9600 Hz 
4800 Hz 
0 
1 
0 
4 
32.768 
kHz 
8.192 kHz 
19.20 kHz 
4800 Hz 
2400 Hz 
0 
1 
1 
8 
16.364 kHz 
4.096 kHz 
9600 Hz 
2400 Hz 
1200 Hz 


1 
0 
0 
16 
8. 192 kHz 
2.048 kHz 
4800 Hz 
1200 Hz 
600 Hz 
1 
0 
1 
32 
4.096 
kHz 
1.024 kHz 
2400 Hz 
600 Hz 
300 Hz 


1 
1 
0 
64 
2.048 kHz 
512 Hz 
1200 Hz 
300 Hz 
150 Hz 


1 
1 
1 
128 
1.024 kHz 
256 Hz 
600 Hz 
150 Hz 
75 Hz 


NOTE: 
Table 5-2 Illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. 
The five examples are only representatIve samples. In all cases, the baud rates shown are transmit baud rates 
(transmit clock) and the receiver clock IS 16 times higher in frequency than the actual baud rate. 


SECTION 6 
SERIAL 
PERIPHERAL 
INTERFACE 
(SPI) 


6.1.1 
Introduction 


The serial peripheral 
interface 
(SPI) is an interface 
built into the MC68HC05C4 
MCU which 
allows 


several MC68HC05C4 
MCUs, 
or MC68HC05C4 
plus peripheral 
devices, to be interconnected 
within 
a single 
"black 
box" 
or on the same printed 
circuit 
board. 
In a serial peripheral 
interface 
(SPI), 


separate wires (signals) are required for data and clock. 
In the SPI format, 
the clock is not included 
in the data stream and must be furnished 
as a separate signal. An SPI system may be configured 
in 
one containing 
one master 
MCU 
and several slave MCUs, 
or in a system 
in which 
an MCU 
is 


capable 
of being either a master or a slave. 


Figure 6-1 illustrates 
two 
different 
system 
configurations. 
Figure 6-1a represents 
a system 
of five 


different 
MCUs in which 
there are one master and four slaves (0,1,2,3). 
In this system four basic 


lines (signals) 
are required 
for the MOSI 
(master 
out slave in), MISO 
(master 
in slave out), 
SCK 


(serial clock), 
and SS (slave select) 
lines. Figure 6-1 b represents 
a system 
of five MCUs 
in which 
three can be master or slave and two 
are slave only. 


6.1.2 
Features 


• 
Full duplex, 
three-wire 
synchronous 
transfers 


• 
Master 
or slave operation 


• 
1.05 MHz (maximum) 
master bit frequency 


• 
2.1 MHz (maximum) 
slave bit frequency 


• 
Four programmable 
master bit rates 


• 
Programmable 
clock 
polarity 
and phase 


• 
End of transmission 
interrupt 
flag 


• 
Write 
collision 
flag protection 


• 
Master-Master 
mode fault 
protection 
capability 


6.2 
SIGNAL 
DESCRIPTION 


The four basic signals (MOSI, 
MISO, 
SCK, and SS) discussed 
above are described 
in the following 


paragraphs. 
Each signal function 
is described 
for both the master and slave mode. 


6.2.1 
Master 
Out Slave In (MOSI) 


The MOSI pin is configured 
as a data output 
in a master (mode) device and as a data input in a slave 


(mode) 
device. 
In this manner data is transferred 
serially from a master to a slave on this line; most 


• 
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significant 
bit first, 
least significant 
bit last. The timing 
diagrams 
of Figure 6-2 summarize 
the SPI 
timing 
diagram 
shown 
in Section 
9, and show the relationship 
between 
data and clock (SCKI. 
As 
shown 
in Figure 6-2, four possible timing 
relationships 
may be chosen 
by using control 
bits CPOL 
and CPHA. The master device always allows data to be applied on the MOSIline 
a half-cycle 
before 


the clock edge (SCK) 
in order for the slave device to latch the data. 


NOTE 


Both 
the slave device(s) 
and a master 
device 
must 
be programmed 
to similar 
timing 


modes for proper 
data transfer. 


When 
the master 
device 
transmits 
data to a second 
(slave) device 
via the MOSI 
line, the slave 


device 
responds 
by sending 
data to the master device via the MISO 
line. This implies full duplex 


transmission 
with 
both data out and data in synchronized 
with the same clock signal (one which 
is 


provided 
by the master 
device): 
Thus, 
the byte transmitted 
is replaced 
by the byte received 
and 


eliminates 
the need for separate 
transmit-empty 
and receiver-full 
status 
bits. 
A single status 
bit 


(SPIF) is used to signify 
that the I/O operation 
is complete. 


Configuration 
of the MOSI pin is a function 
of the MSTR 
bit in the serial peripheral 
control 
register 
(SPCR, 
location 
$OA). When 
a device is operating 
as a master, 
the MOSI pin is an output 
because 


the program 
in firmware 
sets the MSTR 
bit to a logic one. 


5S l 
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6.2.2 
Master 
In Slave Out (MISO) 


The MISO 
pin is configured 
as an input 
in a master 
(mode) 
device 
and as an output 
in a slave 
(mode) 
device. 
In this manner data is transferred 
serially from a slave to a master on this line; most 
significant 
bit first. 
least significant 
bit last. The MISO 
pin of a slave device is placed in the high- 


impedance 
state if it is not selected by the master; i.e., its SS pin is a logic one. The timing 
diagram 
of Figure 6-2 shows 
the relationship 
between 
data and clock 
(SCKI. 
As shown 
in Figure 6-2, four 
possible 
timing 
relationships 
may be chosen 
by using control 
bits CPOl 
and CPHA. 
The master 
device always allows data to be applied on the MOSIline 
a half-cycle 
before the clock edge (SCK) in 
order for the slave device to latch the data. 


NOTE 


The slave device(s) 
and a master device must be programmed 
to similar timing 
modes for 
proper 
data transfer. 


When 
the 
master 
device 
transmits 
data to a slave device 
via the 
MOSI 
line, 
the slave device 
responds 
by sending 
data to the master device via the MISO line. This implies full duplex transmis- 


sion with 
both data out and data in synchronized 
with the same clock signal (one which 
is provided 
by the master device). Thus, the byte transmitted 
is replaced by the byte received and eliminates 
the 
need for separate transmit-empty 
and receiver-full 
status bits. A single status bit (SPIF) in the serial 
peripheral 
status register (SPSR, 
location 
SOB) is used to signify 
that the I/O operation 
is complete. 


In the master device, 
the MSTR 
control 
bit in the serial peripheral 
control 
register (SPCR, location 
$OA) is set to a logic one (by the program) 
to allow the master device to receive data on its MISO 
pin. In the slave device, 
its MISO pin is enabled by the logic level of the SS pin; i.e., if SS = 1 then 
the MISO 
pin is placed in the high-impedance 
state, whereas, 
if SS = 0 the MISO pin is an output 
for the slave device. 


6.2.3 
Slave Select (55) 


The slave select (SS) pin is a fixed input 
(PD5, pin 34), which 
receives an active low signal that is 


generated 
by the master device to enable slave device(s) to accept data. To ensure that data will be 
accepted 
by a slave device, 
the SS signal 
line must 
be a logic 
low prior 
to occurrence 
of SCK 
(system clock) and must remain low until after the last (eighth) 
SCK cycle. Figure 6-2 illustrates 
the 
relationship 
between 
SCK and the data for two different 
level combinations 
of CPHA, 
when 
SS is 
pulled 
low. 
These are: 1) with 
CPHA= 
1 or 0, the first bit of data is applied 
to the MISO 
line for 
transfer, 
and 2) when CPHA = 0 the slave device is prevented 
from writing 
to its data register. 
Refer 
to the WCOl 
status flag in the serial peripheral 
status register (location 
SOB) description 
for further 
information 
on the effects 
that the SS input and CPHA control 
bit have on the I/O data register. 
A 
high level SS signal forces the MISO (master 
in slave out) line to the high-impedance 
state. Also, 


SCK and the MOSI 
(master 
out slave in) line are ignored 
by a slave device when 
its SS signal is 
high. 


When 
a device 
is a master, 
it constantly 
monitors 
its SS signal input 
for a logic low. 
The master 
device will become 
a slave device any time its SS signal input 
is detected 
low. 
This ensures that 
there is only one master controlling 
the SS line for a particular 
system. When the SS line is detected 
low, it clears the MSTR control 
bit (serial peripheral 
control 
register, 
location 
$OA). Also. control 
bit 
SPE in the serial peripheral 
control 
register 
is cleared which 
causes the serial peripheral 
interface 
(SPII to be disabled 
(port 
0 SPI pins become 
inputs). 
The MODF 
flag bit in the serial peripheral 
status 
register 
(location 
$OBI is also set to indicate 
to the master device that another 
device is at- 


tempting 
to become 
a master. 
Two devices attempting 
to be outputs 
are normally 
the result of a 


software 
error; however, 
a system could be configured 
which would 
contain 
a default 
master which 
would 
automatically 
"take-over" 
and restart 
the system. 


6.2.4 
Serial Clock (SCK) 


The serial clock is used to synchronize 
the movement 
of data both in and out of the device through 
its MOSI and MISO pins. The master and slave devices are capable of exchanging 
a data byte of in- 


formation 
during 
a sequence 
of eight 
clock 
pulses. 
Since 
the SCK is generated 
by the master 
device, 
the SCK line becomes 
an input 
on all slave devices and synchronizes 
slave data transfer. 


The type of clock and its relationship 
to data are controlled 
by the CPOL and CPHA bits in the serial 
peripheral 
control 
register 
(location 
$OAl discussed 
below. 
Refer to Figure 6-2 for timing. 


The master device generates 
the SCK through 
a circuit 
driven by the internal 
processor 
clock. 
Two 
bits (SPRO and SPRll 
in the serial peripheral 
control 
register 
(location 
$OA) of the master device 
select the clock 
rate. The master device uses the SCK to latch incoming 
slave device data on the 
MISO 
line and shifts out data to the slave device on the MOSI line. Both master and slave devices 


must be operated 
in the same timing 
mode as controlled 
by the CPOL and CPHA bit in the serial 


peripheral 
control 
register. 
In the slave device, 
SPRO, SPR1 have no effect 
on the operation 
of the 
serial peripheral 
interface. 
Timing 
is shown 
in Figure 6-2. 


A block diagram of the serial peripheral 
interface 
(SPIl is shown 
in Figure 6-3. In a master configura- 


tion, 
the master start logic receives an input from the CPU (in the form 
of a write 
to the SPI rate 
generatorl 
and originates 
the system clock (SCKl 
based on the internal 
processor 
clock. 
This clock 


is also used internally 
to control 
the state controller 
as well as the 8-bit shift 
register. 
As a master 
device, 
data is parallel loaded into the 8-bit shift register (from the internal 
bus) during a write cycle 


and then shifted 
out serially to the MOS I pin for application 
to the slave device(s). 
During a read cy- 


cle, data is applied serially from a slave device via the MISO pin to the 8-bit shift register. 
After 
the 
8-bit 
shift 
register 
is loaded, 
its data is parallel 
transferred 
to the read buffer 
and then 
is made 


available 
to the internal 
data bus during 
a CPU read cycle. 


In a slave configuration, 
the slave start logic receives a logic low (from a master device) at the SS 
pin and a system clock input (from the same master device) at the SCK pin. Thus, the slave is syn- 
chronized 
with the master. 
Data from the master is received serially at the slave MOSI pin and loads 
the 8-bit shift 
register. 
After 
the 8-bit shift 
register 
is loaded, 
its data is parallel transferred 
to the 
read buffer 
and then is made available 
to the internal 
data bus during 
a CPU read cycle. 
During 
a 
write 
cycle, 
data is parallel loaded 
into the 8-bit shift 
register 
from 
the internal 
data bus and then 
shifted 
out serially to the MISO 
pin for application 
to the master device. 


Figure 6-4 illustrates 
the MOSI, 
MISO, 
and SCK master-slave 
interconnections. 
Note that in Figure 


6-4 the master SS pin is tied to a logic high and the slave SS pin is a logic low. Figure 6-1 provides a 
larger system connection 
for these same pins. Note that in Figure 6-1, all SS pins are connected 
to a 


port pin of a master/slave 
device. 
In this case any of the devices can be a slave. 


• 


Internal 


Processor 


Clock 


NOTE: 
The 55, SCK, 
MOSI, 
and MISO 
are external 
pins which 
provide 
the following 
functions: 


a. MOSI- 
Provides 
serial output 
to slave unit(s) 
when 
device is configured 
as a master. 
Receives serial input 
from 
master unit 


when 
device 
is configured 
as a slave unit. 


b. MISO - Receives serial input 
from slave unit(s) when device is configured 
as a master. 
Provides 
serial output 
to master when 
device 
is configured 
as a slave unit. 


c. SCK 
- 
Provides system clock when device is configured 
as a master unit. Receives system clock when device is configured 
as 
a slave unit. 


d. SS 
- Provides 
a logic low to select a slave device 
for a transfer 
with 
a master device. 
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There 
are three 
registers 
in the serial parallel 
interface 
which 
provide 
control, 
status, 
and data 
storage 
functions. 
These registers which 
include 
the serial peripheral 
control 
register (SPCR, 
loca- 


tion 
SOA), serial peripheral 
status 
register 
(SPSR, 
location 
SOB), and serial peripheral 
data 
I/O 
register 
(SPDR, 
location 
SOC) are described 
below. 
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SPIE I 
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When 
the serial peripheral 
interrupt 
enable bit is high, it allows the occurrence 


of a processor 
interrupt, 
and forces the proper vector to be loaded into the pro- 


gram counter 
if the serial peripheral status register flag bit (SPIF and/ or MODF) 


is set to a logic one. It does not inhibit the setting of a status bit. The SPIE bit is 
cleared 
by reset. 


,When the serial peripheral 
output 
enable control 
bit is set, all output 
drive is ap- 


plied to the external pins and the system is enabled. When the SPE bit is set, it 
enables the SPI system by connecting 
it to the external 
pins thus allowing 
it to 
interface 
with the external 
SPI bus. The pins that are defined as output 
depend 
on which 
mode (master or slave) the device is in. Because the SPE bit is cleared 
by reset, the SPI system 
is not connected 
to the external 
pins upon reset. 


The master 
bit determines 
whether 
the device 
is a master 
or a slave. 
If the 


MSTR 
bit is a logic zero it indicates 
a slave device and a logic one denotes 
a 
master 
device. 
If the master 
mode 
is selected, 
the function 
of the SCK pin 
changes 
from an input to an output 
and the function 
of the MISO and MOSI 


pins are reversed. 
This allows the user to wire device pins MISO to MISO, 
and 
MOSI to MOSI, 
and SCK to SCK without 
incident. 
The MSTR bit is cleared by 


reset; therefore, 
the device is always 
placed in the slave mode during 
reset. 


• 
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The clock 
polarity 
bit controls 
the normal 
or steady 
state value of the clock 
when data is not being transferred. 
The CPOl 
bit affects 
both the master and 
slave modes. 
It must be used in conjunction 
with 
the clock 
phase control 
bit 
(CPHA) 
to produce 
the wanted 
clock-data 
relationship 
between 
a master and a 
slave device. When 
the CPOl 
bit is a logic zero, it produces 
a steady state low 
value at the SCK pin of the master device. 
If the CPOl 
bit is a logic one, a high 


value is produced 
at the SCK pin of the master device when data is not being 
transferred. 
The CPOl 
bit is not affected 
by reset. Refer to Figure 6-2. 


The clock 
phase bit controls 
the relationship 
between 
the data on the MISO 


and MOSI pins and the clock produced 
or received at the SCK pin. This control 
has effect 
in both the master and slave modes. 
It must be used in conjunction 
with 
the clock 
polarity 
control 
bit (CPOLl 
to produce 
the wanted 
clock-data 
relation. 
The CPHA bit in general selects the clock 
edge which 
captures 
data 


and allows it to change states. It has its greatest impact on the first bit transmit- 
ted (MSB) 
in that 
it does or does not allow 
a clock 
transition 
before the first 
data capture 
edge. The CPHA bit is not affected 
by reset. Refer to Figure 6-2. 


These two serial peripheral 
rate bits select one of four baud rates to be used as 


SCK if the device is a master; 
however 
they have no effect 
in the slave mode. 


The slave device is capable of shifting 
data in and out at a maximum 
rate which 


is equal to the CPU clock. 
A rate table is given below for the generation 
of the 
SCK from 
the master. 
The SPR1 and SPRO bits are not affected 
by reset. 
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The status flags which 
generate 
a serial peripheral 
interface 
(SPI) interrupt 
may be blocked 
by the 


SPIE control 
bit in the serial peripheral 
control 
register. 
The WCOl 
bit does not cause an interrupt. 


The serial peripheral 
status 
register 
bits are defined 
as follows: 


The serial peripheral 
data transfer 
flag bit notifies 
the user that a data transfer 
between 
the device and an external device has been completed. 
With the com- 


pletion 
of the data transfer, 
SPIF is set, and if SPIE is set, a serial peripheral 
interrupt 
(SPI) is generated. 
During 
the clock 
cycle that 
SPIF is being set, a 
copy of the received data byte in the shift register is moved to a buffer. 
When 
the data register 
is read, it is the buffer 
that is read. During 
an overrun 
condi- 
tion, 
when 
the master 
device 
has sent several 
bytes 
of data and the slave 


device has not responded 
to the first SPIF, only the first byte sent is contained 


in the receiver buffer 
and all other 
bytes are lost. 


The transfer 
of data is initiated 
by the master device writing 
its serial peripheral 
data register. 


Clearing the SPIF bit is accomplished 
by a software 
sequence 
of accessing 
the 
serial peripheral 
status register while SPIF is set and followed 
by a write to or a 
read of the serial peripheral 
data register. 
While 
SPIF is set, all writes 
to the 
serial 
peripheral 
data 
register 
are inhibited 
until 
the 
serial peripheral 
status 
register is read. This occurs in the master device. 
In the slave device, 
SPIF can 
be cleared (using a similar sequence) 
during a second transmission; 
however, 
it 
must be cleared before the second 
SPIF in order to prevent 
an overrun 
condi- 
tion. 
The SPIF bit is cleared 
by reset. 


The function 
of the write collision 
status bit is to notify the user that an attempt 
was made to write 
the serial peripheral 
data register while a data transfer 
was 
taking 
place with 
an external 
device. 
The transfer 
continues 
uninterrupted; 
therefore, 
a write will be unsuccessful. 
A "read collision" 
will never occur since 
the received 
data byte 
is placed 
in a buffer 
in which 
access is always 
syn- 
chronous 
with 
the MCU operation. 
If a "write 
collision" 
occurs, 
WCOl 
is set 
but no SPI interrupt 
is generated. 
The WCOl 
bit is a status flag only. 


Clearing 
the WCOl 
bit is accomplished 
by a software 
sequence 
of accessing 
the serial peripheral 
status register while WCOl 
is set, followed 
by 1) a read of 
the serial peripheral 
data register prior to the SPIF bit being set, or 2) a read or 
write of the serial peripheral data register after the SPIF bit is set. A write to the 
serial peripheral 
data register (SPDR) 
prior to the SPIF bit being set, will result 
in generation 
of another 
WCOl 
status flag. Both the SPIF and WCOl 
bits will 
be cleared in the same sequence. 
If a second transfer has started while trying to 
clear (the previously 
set! SPIF and WCOl 
bits with 
a clearing 
sequence 
con- 
taining 
a write 
to the serial peripheral 
data register, 
only the SPIF bit will 
be 
cleared. 


A collision 
of a write to the serial peripheral 
data register while an external data 
transfer 
is taking place can occur in both the master mode and the slave mode, 
although 
with proper programming 
the master device should have sufficient 
in- 
formation 
to preclude 
this collision. 


\ 


Collision 
in the master device is defined 
as a write 
of the serial peripheral 
data 
register 
while 
the internal 
rate clock 
(SCK) 
is in the process 
of transfer. 
The 
signal on the SS pin is always 
high on the master device. 


A collision 
in a slave device 
is defined 
in two 
separate 
modes. 
One problem 
arises in a slave device when the CPHA control 
bit is a logic zero. When 
CPHA 
is a logic zero, data is latched with 
the occurrence 
of the first clock transition. 
The slave device does not have any way of knowing 
when 
that transition 
will 
occur; 
therefore, 
the slave device collision 
occurs when it attempts 
to write the 
serial peripheral 
data register after its SS pin has been pulled low. The SS pin 
of the slave device freezes the data in its serial peripheral 
data register and does 
not allow it to be altered if the CPHA bit is a logic zero. The master device must 
raise the SS pin of the slave device high between 
each byte it transfers 
to the 
slave device. 


• 


• 


The second collision 
mode is defined 
for the state of the CPHA control 
bit be- 


ing a logic one. With the CPHA bit set, the slave device will be receiving a clock 
ISCK) edge prior to the latch of the first data transfer. 
This first clock edge will 
freeze the data in the slave device I/O register and allow the msb onto the ex- 
ternal 
MISO 
pin of the slave device. 
The SS pin low state enables the slave 


device but the drive onto the MISO pin does not take place until the first data 
transfer 
clock edge. The WCOl 
bit will only be set if the I/O register is access- 


ed while a transfer 
is taking place. By definition 
of the second collision 
mode, a 


master device might 
hold a slave device SS pin low during a transfer 
of several 


bytes of data without 
a problem. 


A special case of WCOl 
occurs 
in the slave device. 
This happens 
when 
the 


master device starts a transfer 
sequence 
(an edge or SCK for CPHA= 
1; or an 
active 
SS transition 
for CPHA=Q) 
at the same time the slave device 
CPU is 


writing 
to its serial peripheral 
interface 
data register. 
In this case it is assumed 


that the data byte written 
(in the slave device serial peripheral 
interface) 
is lost 


and 
the contents 
of the slave device 
read buffer 
becomes 
the byte 
that 
is 


transferred. 
Because the master device receives back the last byte transmitted, 


the master device can detect 
that a fatal WCOl 
occurred. 


Since the slave device is operating 
asynchronously 
with the master device, the 


WCOl 
bit may be used as an indicator 
of a collision 
occurrence. 
This helps 


alleviate 
the user from a strict 
real-time 
programming 
effort. 
The WCOl 
bit is 
cleared 
by reset. 


The function 
of the mode fault flag is defined 
for the master mode (device). 
If 


the device is a slave device the MODF bit will be prevented 
from toggling 
from 
a logic zero to a logic one; however, 
this does not prevent 
the device from be- 


ing in the slave mode with the MODF bit set. The MODF bit is normally 
a logic 
zero and is set only when the master device has its SS pin pulled low. Toggling 
the MODF bit to a logic one affects 
the internal serial peripheral 
interface 
(SPIl 


system 
in the following 
ways: 


1. MODF is set and SPI interrupt 
is generated 
if SPIE= 
1. 


2. The SPE bit is forced 
to a logic zero. This blocks all output 
drive from 
the device, 
disables the SPI system. 


3. The MSTR 
bit is forced to a logic zero, thus forcing 
the device into the 


slave mode. 


Clearing 
the MODF is accomplished 
by a software 
sequence 
of accessing 
the 
serial peripheral 
status 
register 
while 
MODF 
is set followed 
by a write 
to the 
serial peripheral 
control 
register. 
Control 
bits SPE and MSTR 
may be restored 


to their original 
set state during 
this clearing 
sequence 
or after the MODF 
bit 
has been cleared. 
Hardware 
does not allow the user to set the SPE and MSTR 
bit while 
MODF is a logic one unless it is during 
the proper clearing sequence. 


The MODF flag bit indicates 
that there might 
have been a multi-master 
conflict 
for system control 
and allows a proper exit from system operation 
to a reset or 


default 
system 
state. 
The MODF 
bit is cleared by reset. 


The serial peripheral 
data I/O register is used to transmit 
and receive data on the serial bus. Only a 
write 
to this register will initiate 
transmission/reception 
of another 
byte and this will only occur 
in 
the master device. 
A slave device writing 
to its data I/O register will not initiate a transmission. 
At 
the completion 
of transmitting 
a byte of data, the SPIF status bit is set in both the master and slave 
devices. A write or read of the serial peripheral data I/O register, after accessing the serial peripheral 
status 
register with 
SPIF set, will clear SPIF. 


During 
the clock cycle that the SPIF bit is being set, a copy of the received 
data byte in the shift 
register is being moved to a buffer. 
When 
the user reads the serial peripheral 
data I/O register, 
the 
buffer 
is actually 
being read. During an overrun condition, 
when the master device has sent several 
bytes of data and the slave device has not internally 
responded 
to clear the first SPIF, only the first 
byte is contained 
in the receive buffer 
of the slave device; all others are lost. The user may rEad the 
buffer 
at any time. 
The first SPIF must be cleared by the time a second 
transfer 
of data from the 
shift 
register 
to the read buffer 
is initiated 
or an overrun 
condition 
will exist. 


A write to the serial peripheral 
data I/O register is not buffered 
and places data directly 
into the shift 
register 
for transmission. 


The ability 
to access the serial peripheral 
data I/O register 
is limited 
when a transmission 
is taking 
place. It is important 
to read the discussion 
defining 
the WCOl 
and SPIF status bits to understand 
the limits on using the serial peripheral 
data I/O register. 


There are two 
types of SPI systems; 
single master system 
and multi-master 
systems. 
Figure 6-1 
illustrates 
both of these systems 
and a discussion 
of each is provided 
below. 


Figure 
6-1a illustrates 
how 
a typical 
single 
master 
system 
may be configured, 
using 
an M6805 
HCMOS 
family 
device as the master and four M6805 HCMOS 
family devices as slaves. As shown, 
the MOSI, 
MISO, 
and SCK pins are all wired 
to equivalent 
pins on each of the five devices. 
The 
master device generates 
the SCK clock, 
the slave devices all receive it. Since the M6805 HCMOS 
master device is the bus master, 
it internally 
controls 
the function 
of its MOSI and MISO lines, thus 
writing 
data to the slave devices on the MOSI and reading data from the slave devices on the MISO 
lines. The master device selects the individual 
slave devices by using four pins of a parallel port to 
control 
the four 
SS pins of the slave devices. 
A slave device 
is selected 
when 
the master device 
pulls its SS pin low. The SS pins are pulled high during 
reset since the master device ports will be 
forced to be inputs at that time, thus disabling 
the slave devices. 
Note that the slave devices do not 
have to be enabled 
in a mutually 
exclusive 
fashion 
except to prevent 
bus contention 
on the MISO 
line. For example, 
three slave devices, 
enabled 
for a transfer, 
are permissible 
if only one has the 
capability 
of being read by the master. An example of this is a write to several display drivers to clear 
a display with a single I/O operation. 
To ensure that proper data transmission 
is occurring 
between 
the master device and a slave device, 
the master device may have the slave device respond 
with a 
previously 
received data byte (this data byte could be inverted 
or at least be a byte that is different 
from 
the last one sent by the master device). 
The master device will always 
receive the previous 
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byte back from 
the slave device if all MISO and MOSI 
lines are connected 
and the slave has not 
written 
its data I/O register. 
Other transmission 
security 
methods 
might 
be defined 
using ports for 
handshake 
lines or data bytes with 
command 
fields. 


A multi-master 
system may also be configured 
by the user. A system of this type is shown 
in Figure 
6-1 b. An exchange 
of master control 
could be implemented 
using a handshake 
method 
through 
the 


I/O ports or by an exchange 
of code messages through 
the serial peripheral 
interface 
system. 
The 
major device control 
that plays a part in this system is the MSTR 
bit in the serial peripheral 
control 
register and the MODF bit in the serial peripheral 
status 
register. 


SECTION 7 
EFFECTS OF STOP AND WAIT 
MODES 
ON THE 
TIMER AND SERIAL SYSTEMS 


The STOP and WAIT 
instructions 
have different 
effects 
on the programmable 
timer, 
serial com- 


munications 
interface 
(SCI), 
and serial peripheral 
interface 
(S PI) systems. 
These different 
effects 
are discussed 
separately 
below. 


When 
the processor 
executes 
the STOP instruction, 
the internal 
oscillator 
is turned 
off. This halts 


all internal 
CPU processing 
including 
the operation 
of the programmable 
timer, 
serial communica- 


tions 
interface, 
and serial peripheral 
interface. 
The only way for the MCU to "wake 
up" 
from 
the 
stop mode is by receipt of an external 
interrupt 
(logic low on IRQ pin) or by the detection 
of a reset 
(logic low on RESET pin or a power-on 
reset). The effects 
of the stop mode on each of the MCU 
systems 
(Timer, 
SCI, and SPI) are described 
separately. 


7.2.1 
Timer 
During 
Stop 
Mode 


When 
the MCU 
enters 
the stop 
mode, 
the timer counter 
stops counting 
(the internal 
processor 
clock is stopped) 
and remains at that particular 
count value until the stop mode is exited by an inter- 
rupt (if exited by reset the counter 
is forced to SFFFC). If the stop mode is exited by an external low 
on the 
IRQ pin, 
then 
the counter 
resumes 
from 'its stopped 
value as if nothing 
had happened. 


Another 
feature of the programmable 
timer, 
in the stop mode, is that if at least one valid input cap- 


ture edge occurs at the TCAP pin, the input capture 
detect 
circuitry 
is armed. This action does not 
set any timer flags or "wake 
up" the MCU, but when the MCU does "wake 
up" there will be an ac- 


tive input capture 
flag (and data) from that first valid edge which 
occurred 
during the stop mode. 
If 
the stop mode is exited by an external 
reset (logic low on RESET pin), then no such input capture 
flag or data action takes place even if there was a valid input capture 
edge (at the TCAP pin) during 
the MCU stop mode. 


7.2.2 
SCI During 
Stop 
Mode 


When 
the 
MCU 
enters 
the stop 
mode, 
the 
baud 
rate generator 
which 
drives 
the receiver 
and 
transmitter 
is shut down. 
This essentially 
stops all SCI activity. 
The receiver is unable to receive and 
transmitter 
is unable to transmit. 
If the STOP instruction 
is executed 
during 
a transmitter 
transfer, 


that transfer 
is halted. 
When 
the stop mode is exited, 
that particular 
transmission 
resumes (if the 
exit is the result of a low input to the IRQ pin). Since the previous transmission 
resumes after an IRQ 
interrupt 
stop mode exit, the user should ensure that the SCI transmitter 
is in the idle state when the 
STOP 
instruction 
is executed. 
If the 
receiver 
is receiving 
data 
when 
the 
STOP 
instruction 
is 
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executed, 
received data sampling 
is stopped 
(baud rate generator 
stops) and the rest of the data is 


lost. For the above reasons, all SCI transactions 
should be in the idle state when the STOP instruc- 


tion is executed. 


7.2.3 
SPI During 
Stop 
Mode 


When 
the MCU enters the stop mode, 
the baud rate generator 
which 
drives the SPI shuts down. 


This essentially 
stops all master mode SPI operation, 
thus the master SPI is unable to transmit 
or 
receive any data. If the STOP instruction 
is executed 
during an SPI transfer, 
that transfer 
is halted 


until the MCU exits the stop mode (provided 
it is an exit resulting 
from a logic low on the IRQ pin). If 


the stop mode is exited by a reset. then the appropriate 
control/ 
status bits are cleared and the S PI is 


disabled. 
If the device is in the slave mode when the STOP instruction 
is executed, 
the slave SPI will 


still operate. 
It can still accept 
data and clock information 
in addition 
to transmitting 
its own data 


back to a master device. 


At the end of a possible transmission 
with a slave SPI in the stop mode, no flags are set until a logic 


low IRQ input 
results in an MCU "wake 
up". 
Caution 
should 
be observed 
when operating 
the SPI 
(as a slave) during 
the stop mode because none of the protection 
circuitry 
(write 
collision, 
mode 
fault, 
etc.) is active. 


It should also be noted that when the MCU enters the stop mode all enabled output 
drivers (TDO, 


TCMP, 
MISO, 
MOSI, 
and SCK ports) 
remain active and any sourcing 
currents 
from these outputs 


will be part of the total supply 
current 
required 
by the device. 


When 
the 
MCU 
enters 
the wait 
mode, 
the CPU clock 
is halted. 
All 
CPU action 
is suspended; 


however, 
the timer, 
SCI, and SPI systems remain active. 
In fact an interrupt 
from the timer, 
SCI, or 


SPI (in addition 
to a logic low on the IRQ or RESET pins) causes the processor 
to exit the wait 


mode. 
Since the three systems 
mentioned 
above operate 
as they do in the normal 
mode, 
only a 


general discussion 
of the wait 
mode is provided 
below. 


The wait 
mode power 
consumption 
depends 
on how 
many systems 
are active. 
The power 
con- 
sumption 
will be highest when all the systems (timer, 
TCMP, 
SCI, and SPII are active. 
The power 
consumption 
will be the least when 
the SCI and SPI systems are disabled 
(timer operation 
cannot 
be disabled 
in the wait 
model. 
If a non-reset 
exit from 
the wait 
mode 
is performed 
(i.e., 
timer 
overflow 
interrupt 
exit), 
the state of the remaining 
systems will be unchanged. 
If a reset exit from 
the wait 
mode is performed 
all the systems 
revert to the disabled 
reset state. 


SECTION 8 
INSTRUCTION 
SET AND ADDRESSING 
MODES 


The MCU has a set of 62 basic instructions. 
They can be divided 
into five different 
types: 
register/ 


memory, 
read-modify-write, 
branch, 
bit 
manipulation, 
and 
control. 
The 
following 
paragraphs 
briefly explain each type. All the instructions 
within 
a given type are presented 
in indiJidual 
tables. 


All of the instructions 
used in the M146805 CMOS Family are used in the MC68HC05C4 
MCU, 
plus 


an additional 
one; the multiply 
(MUll 
instruction. 
This instruction 
allows 
for unsigned 
multiplica- 
tion of the contents 
of the accumulator 
(A) and the index register 
(XI 
The high order product 
is 
then stored 
in the index register and the low order product 
is stored in the accumulator. 
A detailed 
definition 
of the MUL 
instruction 
is shown 
below. 


Operation: 


Description: 
X:A-X*A 


Multiplies 
the eight bits in the index register by the eight bits in the accumulator 
to obtain a 16-bit unsigned 
number in the concatenated 
accumulator 
and index 


register. 


Condition 
Codes: 
H: 
Cleared 
I: 
Not affected 
N: 
Not affected 
Z: 
Not affected 
C: 
Cleared 


Source 
Form(s): 
MUL 


Addressing 
Mode 


Inherent 


Bytes 


1 


Opcode 


$42 


Cycles 


11 


8.1.1 
Register/Memory 
Instructions 


Most of these instructions 
use two operands. 
The first operand 
is either the accumulator 
or the in- 


dex register. 
The second operand 
is obtained 
from memory 
using one of the addressing 
modes. The 
operand 
for the jump 
unconditional 
(JMP) 
and jump 
to subroutine 
USR) 
instructions 
is the pro- 
gram counter. 
Refer to Table 8-1. 


8.1.2 
Read-Modify-Write 
Instructions 


These instructions 
read a memory 
location 
or a register, 
modify 
or test its contents, 
and write 
the 
modified 
value back to memory 
or to the register. 
The test for negative 
or zero (TST) instruction 
is 
an exception 
to the read-modify-write 
sequence 
since it does not modify 
the value. 
Refer to Table 
8-2. 
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Addressing Modes 


Immediate 
Direct 
Extended 
Indexed 
Indexed 
Indexed 
INo Offset I 
IB-Bit Offset I 
116-Bit Offset! 


Op 
, 
, 
Op 
, 
, 
Op 
I 
I 
Op 
, 
I 
Op 
I 
I 
Op 
, 
, 


Function 
Mnern. 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from Memory 
LOA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
06 
3 
5 


Load X from Memory 
LOX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
DE 
3 
5 


Store A In Memory 
STA 
- 
- 
- 
B7 
2 
4 
C7 
3 
5 
F7 
1 
4 
E7 
2 
5 
07 
3 
6 


Store X tn Memory 
STX 
- 
- 
- 
BF 
2 
4 
CF 
3 
5 
FF 
1 
4 
EF 
2 
5 
OF 
3 
6 


Add Memory 
to A 
ADD 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
DB 
3 
5 


Add Memory and 
AOC 
09 
3 
5 
Carry to A 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
3 
E9 
2 
4 


Subtract Memory 
SUB 
AO 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 


Subtract Memory 
from 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
02 
3 
5 
A with 
Borrow 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
04 
3 
5 


OR Memory 
With A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
OA 
3 
5 


ExclUSIve OR Memory 
EOR 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
F8 
1 
3 
E8 
2 
4 
08 
3 
5 
With 
A 


ArithmetiC Compare A 
CMP 
Al 
2 
2 
B1 
2 
3 
CI 
3 
4 
F1 
1 
3 
EI 
2 
4 
01 
3 
5 
With Memory 


Anthmetlc 
Compare X 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
03 
3 
5 
with Memorv 


Bit Test Memory With 
BIT 
A5 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A I Loalcal 
Comparel 


Jump Unconditional 
JMP 
- 
- 
- 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
DC 
3 
4 


Jump to Subroutine 
JSR 
- 
- 
- 
BO 
2 
5 
CD 
3 
6 
FD 
1 
5 
ED 
2 
6 
DO 
3 
7 


Addressing 
Mode. 


Inherent 
(AI 
Inherent 
IXI 
Direct 
Indexed 
Indexed 
(No Olfsetl 
18-Bit Olfsetl 


Op 
I 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 


Function 
Mnemonic 
Code 
Byte. 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Bytes 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Bytes 
Cycle. 


Increment 
INC 
4C 
1 
3 
5C 
I 
3 
3C' 
2 
5 
7C 
1 
5 
6C 
2 
6 


Decrement 
OEC 
4A 
I 
3 
5A 
1 
3 
3A 
2 
5 
7A 
1 
5 
6A 
2 
6 


Clear 
CLR 
4F 
I 
3 
5F 
1 
3 
3F 
2 
5 
7F 
1 
5 
6F 
2 
6 


Complement 
COM 
43 
I 
3 
53 
I 
3 
33 
2 
5 
73 
1 
5 
63 
2 
6 


Negale 
NEG 
40 
I 
3 
50 
I 
3 
30 
2 
5 
70 
1 
5 
60 
2 
6 
(2'5 Complement) 


Rotate 
Left Thru 
Carry 
ROL 
49 
1 
3 
59 
I 
3 
39 
2 
5 
79 
I 
5 
69 
2 
6 


Rotate 
Right 
Thru 
ROR 
46 
1 
3 
66 
I 
3 
36 
2 
5 
76 
1 
5 
66 
2 
6 
Carry 


Logical 
ShIft 
Lell 
LSL 
46 
I 
3 
58 
1 
3 
38 
2 
5 
78 
I 
5 
68 
2 
6 


Logical 
ShIft 
Righi 
LSR 
44 
I 
3 
54 
1 
3 
34 
2 
5 
74 
I 
5 
64 
2 
6 


Arithmetic 
ShIft Right 
ASR 
47 
1 
3 
57 
1 
3 
37 
2 
5 
77 
I 
5 
67 
2 
6 


Test for Negative 
TST 
4D 
1 
3 
5D 
1 
3 
3D 
2 
4 
7D 
I 
4 
6D 
2 
5 
or Zero 
Multiply 
MUL 
42 
1 
11 
- 
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8.1.3 
Branch Instructions 


Most branch instructions 
test the state of the condition 
code register and if certain criteria are met. 


a branch is executed. This adds an offset between -127 
and + 128 to the current program counter. 


Refer to Table 8-3. 


Relative Addressing 
Mode 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytes 
Cycles 


Branch Always 
BAA 
20 
2 
3 


Branch Never 
BAN 
21 
2 
3 


Branch IFF Higher 
BHI 
22 
2 
3 


Branch IFF Lower or Same 
BlS 
23 
2 
3 


Branch IFF Carry Clear 
BCC 
24 
2 
3 


(Branch 
IFF Higher or Same) 
IBHSI 
24 
2 
3 


Branch IFF Carry Set 
BCS 
25 
2 
3 


(Branch IFF Lower) 
IBlOI 
25 
2 
3 


Branch IFF Not Equal 
BNE 
26 
2 
3 


Branch 
IFF Equal 
BEO 
27 
2 
3 


Branch IFF Half Carry Clear 
BHCC 
2B 
2 
3 


Branch 
IFF Half Carry Set 
BHCS 
29 
2 
3 


Branch IFF Plus 
BPl 
2A 
2 
3 


Branch IFF Minus 
BMI 
2B 
2 
3 


Branch IFF Interrupt 
Mask Bit 15 Clear 
BMC 
2C 
2 
3 


Branch IFF Interrupt 
Mask Bit 
IS Set 
BMS 
2D 
2 
3 


Branch IFF Interrupt 
Line 
1$ Low 
Bil 
2E 
2 
3 


Branch IFF Interrupt 
Line 
1$ High 
BIH 
2F 
2 
3 


Branch to Subroutine 
BSA 
AD 
2 
6 


8.1.4 
Bit Manipulation 
Instructions 


The MCU is capable of setting or clearing any bit which resides in the first 256 bytes of the memory 
space except for ROM, port D data location ($03), serial peripheral status register ($OB), serial com- 
munications 
status 
register 
($10), 
timer 
status 
register 
($13), 
and timer 
input 
capture 
register 


($14-$15) 
All port registers, port DDRs, timer, two serial systems, on-chip RAM, and 48 bytes of 


ROM reside in the first 256 bytes (page zero). An additional 
feature allows the software to test and 


branch on the state of any bit within 
the first 256 locations. 
The bit set. bit clear, and bit test and 
branch functions 
are all implemented with a single instruction. 
For the test and branch instructions, 


the value of the bit tested is automatically 
placed in the carry bit of the condition 
code register. 


Refer to Table 8-4. 


Addressing 
Modes 


Bit SetlClear 
Bit Test and Branch 


Function 
Mnemonic 
Op 
, 
, 
Op 
, 
, 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IFF Bit n IS Set 
BASET 
n In=O 
71 
- 
- 
- 
20n 
3 
5 


Branch IFF Bit n IS Clear 
BAClA 
n In=O 
71 
- 
- 
- 
01 + 2-n 
3 
5 


Set Bit n 
BSET n In=O 
71 
10+ 2·n 
2 
5 
- 
- 
- 


Clear Bit n 
BClA 
n In=O 
71 
11 + 2.n 
2 
5 
- 
- 
- 


8.1.5 
Control 
Instructions 


These instructions 
are register reference instructions 
and are used to control 
processor operation 


during program execution. 
Refer to Table 8-5. 


Inherent 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
1 
2 


Transfer X to A 
TXA 
9F 
, 
2 


Set Carry 
Bit 
SEC 
99 
, 
2 


Clear Carry Bit 
CLC 
9B 
, 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
CLi 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
10 


Return from Subroutine 
RTS 
81 
, 
6 


Return from Interrupt 
RTI 
80 
1 
9 


Reset Stack Pointer 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
1 
2 


Stop 
STOP 
8E 
1 
2 


Wait 
WAIT 
8F 
1 
2 


8.1.6 Alphabetical 
Listing 


The complete 
instruction 
set is given in alphabetical 
order in Table 8-6. 


8.1.7 
Opcode Map 


Table 8-7 is an opcode map for the instructions 
used on the MCU. 


The MCU uses ten different 
addressing modes to provide the programmer 
with an opportunity 
to 
optimize the code to all situations. 
The various indexed addressing modes make it possible to locate 
data tables, 
code conversion 
tables, and scaling tables anywhere 
in the memory 
space. Short 
indexed accesses are single byte instructions, 
while the longest instructions 
(three bytes) permit ac- 


cessing tables throughout 
memory. 
Short absolute (direct) and long absolute (extended) address- 


ing are also included. One and two byte direct addressing instructions 
access all data bytes in most 


applications. 
Extended addressing permits jump instructions 
to reach all memory. Table 8-7 shows 
the addressing modes for each instruction, 
with the effects each instruction 
has on the condition 
code register. 


The term "effective 
address" 
(EA) is used in describing 
the various addressing 
modes, 
and is 
defined as the byte address to or from which the argument 
for an instruction 
is fetched or stored. 


The ten addressing modes of the processor are described below. Parentheses are used to indicate 
"contents 
of" 
the location or register referred to; e.g., (PC) indicates the contents 
of the location 


pointed to by the PC. An arrow indicates "is replaced by", and a colon indicates concatenation 
of 
two bytes. 
For additional 
details and graphical illustrations, 
refer to the M6805 HMOS/MI46805 


CMOS Family Microcomputer/Microprocessor 
User's Manual. 
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Addressing 
Modes 
Condition 
Codes 


Indexed 
Indexed 
Indexed 
Bit 
Bit 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
R~.tiv. 
INo 
Offoot) 
18 Bits) 
118 Bitsl 
Setl 
Teat & 
H 
I 
N 
Z 
C 
Clear 
Bronch 


ADC 
x 
x 
x 
x 
x 
x 
II. • 
II. 
II. 
II. 


ADD 
X 
x 
X 
x 
x 


AND 
x 
x 
x 
x 
x 
x 
• 
II. 
II. • 


ASl 
X 
X 
X 
X 
• 
II. 
II. 
II. 


ASA 
X 
X 
X 
X 
• 
II. 
AlII. 


BCC 
x 
• • • • 
BClA 
X 
• • • • 
BCS 
X 
• • .,. 


BEa 
x 
• • • • 


BHCC 
X 
• • • • 
BHCS 
X 
• • • • 
BHI 
X 
• • • • 
BHS 
X 
• • • • 
BIH 
X 
• • .,. 


Bil 
X 
• • • • 
BIT 
X 
X 
X 
X 
X 
X 
• 
II. 
II. • 
Bla 
x 
• 
• • 
BlS 
X 
• 
• • 
BMC 
X 
• 
• • 
BMI 
X 
• 
• • 
BMS 
X 
• 
• • 
BNE 
x 
• ,. ·.,. 


BPl 
X 
• 
• • 
BAA 
X 
• 
• • 
BAN 
X 
• 
• • 
BAClA 
X 


BASET 
X 
• 
• 
II. 


BSET 
x 
• 
• • 
BSA 
X 
• ·· 
ClC 
X 
• 
• 
a 


CLI 
x 
a 
• • 


ClA 
X 
X 
X 
X 
• 
a 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• 
II. 
II. 
II. 


COM 
X 
X 
X 
X 
• • 
A 
A 
I 


CPX 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


OEC 
X 
X 
X 
X 
• • 
A 
A • 


EOR 
X 
X 
X 
X 
X 
X 
• • 
A 
A • 


INC 
X 
X 
X 
X 
• • 
A 
A • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 


LOA 
X 
X 
X 
X 
X 
X 
• • 
A 
A • 


LOX 
X 
X 
X 
X 
X 
X 
• 
1\ 
1\ · 
LSL 
X 
X 
X 
X 
• • 
A 
A 
A 


LSR 
X 
X 
X 
X 
• • 
0 
A 
A 


MUL 
X 
0 • • • 
0 


NEG 
X 
X 
X 
X 
• 
A 
A 


NOP 
X 
• • • • • 


ORA 
X 
X 
X 
X 
X 
X 
• 
1\ 
A • 
ROL 
X 
X 
X 
X 
• 
A 
A 


ROR 
X 
X 
X 
X 
• • 
A 
A 
A 


RSP 
X 
• • • • • 
RT! 
X 


RTS 
X 
• • • • • 


SBC 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


SEC 
X 
• • • • 
I 


SEI 
X 
• 
I • • • 


STA 
X 
X 
X 
X 
X 
• • 
A 
A • 


STOP 
X 
• 
0 • • • 


STX 
X 
X 
X 
X 
X 
• • 
A 
A • 


SUB 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


SWI 
X 
• 
I • • • 
TAX 
X 


TST 
X 
X 
X 
X 
• • 
A 
A • 
TXA 
X 
• • • • • 
WAIT 
X 
• 
• • • 


Condition Code Symbols: 


H 
Half 
Carry 
(From 
Bit 3) 


1 
Interrupt 
Mask 


N 
Negate (Sign Bit! 


Z 
Zero 


C 
Carry/Borrow 


Test and Set if True Cleared Otherwise 


Not Affected 
Load CC Register From Stack 
Cleared 


SOl 


• 


• 


BitM 8Oto\ilation 
Br.nch 
Rood/Mod' 
IWrite 
Control 
RIO.er/Memorv 
, 
DIR 


~; 
rk . 
...:" 
ct.. 
rt" 
,,"rr. 
,,~, 
.~o 
01~' 
,:.. 
9 
A 
• 
1~ 
1~1 
'l~O 
H~ 
'00' 
1010 
1011 
1111 


,.g." 
BRSEJ~: 
BSE1~o 
BRA; 
NEGn,. 
NEqNH 
NEG 
; 
NEG 
' 
NEG 
' 
ATI 
:t 
SU~M~ 
, 
SUBn,: 
SU~., 
SUB' 
SUB,.: 
SUB ,: 
,.g." 


." 
, 
, 
"NH 
'x; 
, 
" , 
"NH 
',., 
.' 
3 
• 
, 
3 
· 


5 
• 
3 
~, 
BRCL~~. 
BCL~~r 
BRNR~' 
RTS 
CMP 
CMP 
CM~XT 
CMP 
CMP 
CMP 
...:" 
, 
'NH 
IMM , 
D1. 
3 
''1 
,x, 
, 
" 


BRSEJ,': 


3 
II 


? 
SBenl: 
SBC 
' 
m~n 
BSE1~r 
BHI." 
MUL 
SBC 
SB~x, 
SBC 
SBC 
J,o 
, 
''" 
'MM 
" 
,X, , 
" 
5 
3 
5 
3 
3 
• 
5 
,. 
CPX 
3 
• 
CPX 
3 
J" 
BRCL~,'. 
BCL~~o 
BLS." 
COMn,. 
COMA 
COMX 
COM 
COM 
SWI 
CPX 
CPX 
EXT 
CPX 
CPX,Vl 
~'1 
1 
INH 
, 
'NH 
", , 
" , 
'NH 
'MM 
, 
CIR 
,x 
, 
IX 


BSE1~: 
3 
5 
3 
3 
6 
LSR 
' 
, 
ANOn,: 
· 
• 
AND; 
,;'m 
BRSET1. 
I, 
BCC." 
lS~TA 
1 LSRA 
LSRX 
LSR 
AN?t.A~ 
AN~XT 
AND 
AND,., 
4 


'NH 
, 
'NM 
", , 
" 
IX 
" 


mm 


BCL~~; 
3 
2 
BIT 
; 
• 
BIT 
3 
n~, 
BRCL~l. 
I, 
BCS." 
BITMN 
, 
n,. 
BIT", 
BIT ", 
BIT 'x, 
" 
,,~, 


BSE~~: 
3 
3 
3 
• 
5 
2 
3 
· 


5 
· 


3 


o,~o 
BRSET,J. 
I') 
BNERE:' 
RORn,. 
1 ROR~", 
ROR~"" 
ROR 
AOA 
I" 
LOA 
, 
LOAD'. 
lO~)(T 
LOA 
LOA 
LOA 
nl~n 
", , 
IMM 
3 
'X 
'X, , 
" 


BCL~~; 
3 
3 
3 
• 
5 
TAX' 
STA 
• 
• 
o!', 
BRCL~,J. 
I, 
BEO." 
ASRn,. 
ASRA 
1 ASA~NH 
ASR 
ASR 
ST~x, 
STA 
STA 
STA 


01~' 
, 
'NH 
", , 
" 
, 
'NH 
? 
nlR 
" 


, , , 
IX 


BSE~~: 
3 
3 
LSL~".' 
• 
LSL 
' 
CLC 
' 
, 
3 
· 


EOR 
3 
,,\l,., 
BRSEJ:. 
I, 
BHC~" 
, 
LSLn,. 
lSlA 
LSL 
EOR 
, 
EORD,. 
EOR•• , 
EOR 
EOR 
,~ 
, 
'NH 
, 
, 
H 
'X, , 
'X 
'X 
'X, , 
IX 


BCL~~; 
3 
5 
3 
3 
, 
5 
, 
, 


ADC 
3 
· 
• 
ADC 
; 
,~, 
BRCLR," 
I, 
BHC~" 
, 
ROLn,. 
ROLA 
1 ROL~N~ 
ROL 
ROL 
SEC 
ADC 
ADC 
ADC 
ADC 
9 
, 
'NH 
", , 
" 
, 
'NH 
'MM , 
D1. , 
'X, 
3 
1'1 , 
IX' , 
" 
lOll' 


BSE~~; 
3 
3 
3 
• 
CLI 
' 
ORA' 
ORA' 
,t.o 
BRSETi. 
I, BPL." 
, 
DECm• 
DECA 
DECX 
DEC 
DEC 
ORA 
OR~x, 
ORA 
ORA 
A 
, 
'NH 
, 
'NH 
", , 
" 
, 
'NH 
'MM , 
01. 
3 
1'1 
IX' , 
IX 
1010 


BCL~~: 
3 
SEI 
' 
3 
ADD 
3 
B 
BRCLR,5. 
I, 
BMI." 
ADD 
, 
ADDDI• 
AD~x, 
ADD 
ADD 
B 
111 
, 
'NH 
'MM 
3 
,,' 
", , 
" 


1011 


BSE1~; 
3 
3 
• 
INC 
:l 
RSP 
, 
, 
JMPn.: 
JMP 
, 
,f,., 
BRSET~. 
I, BM~" 
, 
INCn,. 
INCA 
INCX 
INC 
JM~XT 
JMP 
JMP 
C 
, 
'NH 
, 
, 
H 
", 
I 
" 
, 
'NH 
3 
''1 
", , 
" 
1100 


BCL~~: 
• 
5 
. 
NOP 
, 
JSR 
' 
D 
BRCL~~. 
I, 
BMS." 
, 
TSTn,. 
1 TST 
~NH 
TSTX 
TST 
TST 
BSR.H 
JSR 
JSR 


EXT 


JSR 
JSR 
19, 
"' 
, 
, 
H 
", 
I 
" 
, 
'NH 
, 
0'. , 
3 
,,' , 
", , 
" 
5 
5 
3 
STOP' 
LDX 
3 


II~ 
BRSEJ1. 
BSE1~o I, 
BIL." 
LDX 
LDX 
lDX~)(T 
LDX 
LDX 
E 
, 
'NH 
'MM , 
0'. , 
" 
IX' 
I 
" 


1110 


BCLR7 " 
3 
• 
CLR 
' 
WAIT' 
TXA 
' 
f 
BRCLR7 
BIH 
CLR 
CLRA 
CLRX 
CLR 
STX 
STX 
STX 
STX 
STX 
f 


1111 
3 
.,. , 
.5C , 
.EL , 
0" , 
'NH 
, 
'NH , 
,X, 
, 
" 
, 
'NH , 
'NH 
, 
0'. 
3 
EXT 
3 
''1 , 
IX' , 
IX 
1111 


Inherent 
Accumulator 
Index Reg,st., 


Immediate 
Direct 
Ext.nded 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed 
INo Offset! 
Indexed, 
1 Byte IB·Bitl 
Offset 
Indexed, 
2 Byte 116-Bitl Offset 


In inherent 
instructions, 
all the information 
necessary to execute the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index register or accumulator, 
and no other arguments, 
are 
included 
in this mode. 


8.2.2 
Immediate 


In immediate 
addressing, 
the operand 
is contained 
in the byte immediately 
following 
the opcode. 
Immediate 
addressing 
is used to access constants 
which 
do not change 
during 
program 
execution 
le.g., 
a constant 
used to initialize 
a loop counter). 


EA= PC+ 1; PC-PC+2 


8.2.3 
Direct 


In the direct addressing 
mode, 
the effective 
address of the argument 
is contained 
in a single byte 


following 
the opcode 
byte. 
Direct 
addressing 
allows 
the user to directly 
address 
the lowest 
256 


bytes in memory with a single two byte instruction. 
This includes all on-chip 
RAM and I/O registers, 
and 128 bytes of on-chip 
ROM. 
Direct 
addressing 
is efficient 
in both memory 
and time. 


EA=(PC+1); 
PC-PC 
+2 
Address 
Bus High-O; 
Address 
Bus Low-(PC+ 
11 


8.2.4 
Extended 


In the extended 
addressing 
mode, 
the effective 
address of the argument 
is contained 
in the two 
bytes following 
the opcode. 
Instructions 
with extended 
addressing 
modes are capable of referenc- 
ing arguments 
anywhere 
in memory 
with a single three-byte 
instruction. 
When 
using the Motorola 
assembler, 
the user need not specify 
whether 
an instruction 
uses direct 
or extended 
addressing. 
The assembler 
automatically 
selects the most efficient 
addressing 
mode. 


EA= (PC+ 
1):IPC+ 
2); PC-PC+ 
3 
Address 
Bus High-lPC+ 
1); Address 
Bus Low-(PC+2) 


8.2.5 
Indexed, 
No Offset 


In the indexed, 
no offset addressing 
mode, the effective 
address of the argument 
is contained 
in the 
8-bit index register. 
Thus, 
this addressing 
mode can access the first 256 memory 
locations. 
These 


instructions 
are only 
one byte 
long. 
This mode 
is used to move a pointer 
through 
a table or to 
address a frequently 
referenced 
RAM or I/O location. 


EA= X; PC-PC+ 
1 


Address 
Bus High-O; 
Address 
Bus Low-X 


8.2.6 
Indexed, 
8-Bit 
Offset 


Here the EA is obtained 
by adding the contents 
of the byte following 
the opcode to that of the index 


register; 
therefore, 
the operand 
is located 
anywhere 
within 
the lowest 
511 memory 
locations. 
For 


example, 
this mode of addressing 
is useful for selecting 
the mth element in a n element table. All in- 


structions 
are two 
bytes. 
The content 
of the index register 
(X) is not changed. 
The content 
of 


• 


• 


IPC + 1) is an unsigned 8-bit integer. 
One byte offset indexing 
permits look-up 
tables to be easily ac- 
cessed in either 
RAM or ROM. 


EA=X+IPC+1); 
PC-PC+2 
Address 
Bus High-K; 
Address 
Bus Low-X+ 
(PC+ 
1) 


where: 


K = The carry from 
the addition 
of X + (PC + 1I 


8.2.7 
Indexed, 
16-Bit Offset 


In the indexed, 
16-bit offset 
addressing 
mode, 
the effective 
address is the sum of the contents 
of 
the unsigned 
8-bit index register and the two unsigned 
bytes following 
the opcode. 
This addressing 
mode can be used in a manner similar to indexed 8-bit offset, 
except that this three byte instruction 
allows tables to be anywhere 
in memory 
le.g., 
jump tables in ROMl. 
As with direct and extended, 


the M6805 assembler determines 
the most efficient 
form of indexed offset; 
8- or 16-bit. The content 
of the index register 
is not changed. 


EA=X+[(PC+11:IPC+2))]; 
PC-PC+3 
Address 
Bus High- 
IPC + 1) + K; 
Address 
Bus Low-X+ 
IPC+21 
where: 


K = The carry from the addition 
of X + 1PC + 2) 


8.2.8 
Relative 


Relative addressing 
is only used in branch 
instructions. 
In relative addressing, 
the content 
of the 
8-bit signed byte following 
the opcode (the offset) 
is added to the PC if and only if the branch condi- 
tion is true. Otherwise, 
control 
proceeds 
to the next instruction. 
The span of relative addressing 
is 


limited 
to the range of 
-126 
to 
+ 129 bytes from 
the branch 
instruction 
opcode 
location. 
The 
Motorola 
assembler 
calculates 
the proper 
offset 
and checks 
to see if it is within 
the span of the 


branch. 


EA=PC+2+IPC+1); 
PC-EA 
if branch 
taken; 


,?therwise, 
EA = PC- 
PC + 2 


Direct 
addressing 
and bit addressing 
are combined 
in instructions 
which 
set and clear individual 
memory 
and I/O bits. In the bit set and clear instructions, 
the byte is specified 
as a direct address in 
the location 
following 
the opcode. 
The first 256 addressable 
locations 
are thus accessed. 
The bit to 


be modified 
within 
that byte is specified 
in the first three bits of the opcode. 
The bit set and clear in- 
structions 
occupy 
two 
bytes, 
one for the opcode 
lincluding 
the bit number) 
and the other 
to ad- 


dress the byte which 
contains 
the bit of interest. 


EA= IPC+ 
1); PC-PC+ 
2 
Address 
Bus High-O; 
Address 
Bus Low-WC 
+ 1I 


8.2.10 
Bit Test and Branch 


Bit test and branch 
is a combination 
of direct 
addressing, 
bit set/ clear addressing, 
and relative 


addressing. 
The actual bit to be tested, 
within 
the byte, is specified 
within 
the low order nibble of 
the opcode. 
The address of the data byte to be tested is located via a direct address in the location 
following 
the opcode 
byte 1EA 1). The signed 
relative 8-bit offset 
is in the third 
byte (EA2) and is 


added to the PC if the specified 
bit is set or cleared in the specified 
memory 
location. 
This single 


three byte instruction 
allows the program 
to branch based on the condition 
of any bit in the first 256 
locations 
of memory. 


EA1=(PC+1) 


Address 
Bus High-O; 
Address 
Bus Low-(PC+ 
1) 


EA2= PC+3+ 
(PC+2); 
PC-EA2 
if branch 
taken; 


otherwise, 
PC- 
PC + 3 
• 


• 


SECTION 9 
ELECTRICAL 
SPECIFICATIONS 


This 
section 
contains 
the 
electrical 
specifications 
and 
associated 
timing 
information 
for 
the 


MC68HC05C4. 


Ratings 
Symbol 
Value 
Unit 


Supply 
Voltage 
VDD 
-0.5 
to + 7.0 
V 


Input 
Voltage 
Vin 
VSS-0.5 
to VDD+0.5 
V 


Current Drain Per Pin Excluding VOO and VSS 
I 
25 
mA 


OperatinQ Temperature 
Range 
TA 
-55 
to + 125 
'C 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
'C 


Characteristics 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Ceramic 
8JA 
50 
'C/W 


Plastic 
100 


Chip 
Carrier 
100 


Pins 
R1 
R2 
C 


PAO-PA7, 
3.26 kG 
2.38 kG 
50 pF 
PBO-PB7, 
PCO-PC7, 


PD6 


PD1-PD4 
1.9 kG 
226 
kG 
200 pF 


Pins 
R1 
R2 
C 


PAD-PA7, 
10.91 kG 
6.32 kG 
50 pF 
PBO-PB7, 
PCO-PC7, 


PD6 


PD1-PD4 
6kG 
6 kG 
200 pF 


This 
device 
contains 
circuitry 
to 
protect the inputs against damage 
due to high static voltages of elec- 
tric fields; however, 
it 
is advised 
that normal precautions 
be taken 
to avoid application of any voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this high 
impedance 
Circuit. 
For proper 
operation 
It IS 


recommended 
that 
Vin and Vout 
be constrained to the range VSS:S 
(Vin or Voutl:sVOD 
ReliabIlity of 
operatIon is enhanced 
if unused In- 


puts except 
OSC2 
are connected 
to 
an 
appropriate 
logic 
voltage 


levelle.g., 
either 
VSS 
or VDDI 


C 
ISee 
Tablel 


The average chip-junction 
temperature, 
TJ, in DC can be obtained 
from: 


TJ=TA+IPO-OJA) 
Where: 


TA = Ambient 
Temperature, 
DC 


OJA = Package Thermal 
Resistance, 
Junction-to-Amblent, 
DC/W 


PO= PINT+ 
PliO 
PINT = ICC x VCc. 
Watts 
- 
Chip Internal 
Power 


PI/O= 
Power Oissipation 
on Input and Output 
Pins - User Oetermined 


For most applications 
PI/O< 
PINT and can be neglected. 


An approximate 
relationship 
between 
Po and TJ (if PliO 
is neglectedl 
IS 
PO=K+ITJ+273DC) 
121 


Solving 
equations 
1 and 2 for K gives: 


K = PO-ITA 
+ 273DC) 
+ OJA-P02 
13) 


Where 
K is a constant 
pertaining 
to the particular 
part 
K can be determined 
from equation 
3 by 


measuring 
Po lat equilibrium) 
for a known TA. Using this value of K the values of Po and TJ can be 
obtained 
by solving equations 
(1i and 121iteratively 
for any value of TA 


9.5 
DC ELECTRICAL 
CHARACTERISTICS 
IVOO= 
5.0 Vdc ± 10%, VSS = 0 Vdc, 


TA = - 55 DC to + 125DC unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage, 
ILoad 
'" 10.0 ~A 
VOL 
- 
- 
0.1 
V 


VOH 
VDD-O.l 
- 
- 
V 


Output 
High Voltage 
IILoad~0.8 
mAl 
PAO-PA7, 
PBO-PB7, 
peO-PC7, 
TCMP 
VOH 
VDD-08 
- 
- 
V 


IILoad~ 
1.6 mAl 
PD1-PD4 
VOH 
VDD-OB 
- 
- 
V 


Output 
Low Voltage 
IILoad= 
16 
mAl 
PAO-PA7, 
PBO-PB7, 
PCO-PC?, PD1-PD4, 
TCMP 
VOL 
- 
- 
0.4 
V 


Input 
High Voltage 
PAO-PA7, 
PBO-PB7, 
PCO-PC7, PDO-PD5, 
PD7, TCAP, 
IRQ, RESET, OSC1 
VIH 
0.7 x VDD 
- 
VDD 
V 


Input Low Voltage 
PAO-PA7, 
PBO-PB7, 
PCO-PC?, PDO-PD5, 
PD7, TCAP, 
IRQ, RESET, OSC1 
VIL 
VSS 
- 
02x 
VDD 
V 


Total Supply Current (CL = 50 pF on Ports, no de Loads, 
tcyc= 500 ns, 


IVIL ~0.2 
V, VIH~VDD-0.2 
VI 
RUN 
IDD 
- 
5 
TBD 
mA 
WAIT 
ISee Notel 
IDD 
- 
1.5 
TBD 
mA 


STOP ISee Notel 
IDD 
- 
10 
TBD 
~A 


I/O 
Ports Hi-Z Leakage Current 
PAO-PA7, 
PBO-PB7, 
PCO-PC?, PD1-PD4 
IlL 
- 
- 
±1O 
~A 


Input Current 


RESET, 
IRQ, TCAP, 
OSC1, 
PDO, PD5, 
PD7 
lin 
- 
- 
± 1 
~A 


Capacitance 
Pops (as input or output) 
Cout 
- 
- 
12 
pF 


RESET, mo, TCAP, 
OSC1, 
PDO-PD5, 
PD7 
(in 
- 
- 
8 
pF 


NOTE: 
Measured 
under the following conditions: 


1 All ports 
are configured 
as input, 
VIL ~0.2 
V, VIH= 
VDD-02 
V. 


2 
No load on TCMP, 
CL = 20 pF on OSC2 
3. ascI,s 
a square wave 
with 
VIL ~02 
V, VIH~VDD-0.2 
V. 


4 
TE= RE~ SPE=O 


• 


• 


9.6 
DC ELECTRICAL 
CHARACTERISTICS 
(VDD= 
3.3 Vdc ± 10%, 
VSS =0 
Vdc, 


TA= 
-55°C 
to 125°C unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage, 
ILoad'" 
10.0 ~A 
VOL 
- 
- 
0.1 
V 


VOH 
VOO-01 
- 
- 
V 


Output 
High Voltage 


IILoad=02 
mAl 
PAO·PA7. 
PSO·PS7. 
PCO·PC7. TCMP 
VOH 
VOO-03 
- 
- 
V 
t1Load=OA 
mAl 
P01·P04 
VOH 
VOO-03 
- 
- 
V 


Output 
Low Voltage 


t1Load~OA 
mAl 
PAO·PA7, 
PSO·PS7, 
PCO·PCl. 
Pp1·P04, 
TCMP 
VOL 
- 
- 
0.3 
V 


Input 
High Voltage 
PAQ·PA7, 
PSO·PS7, 
PCO·PC7, POO·P05, 
P07, 
TCAP, 
IRO, RESET, 
OSC1 
VIH 
07 
x VOO 
- 
VOO 
V 


Input Low Voltage 
PAQ·PA7, 
PSO·PS7, 
PCO·PCl, 
POO·P05, 
P07, 
TCAP, 
IRO, RESET, OSC1 
VIL 
VSS 
- 
0.2x 
VOO 
V 


Total Supply Current (CL - 50 pF on Ports, no de Loads, 
tcyc-l000 
ns, 


IVIL = 0.2 V, VIH ~ VOO - 0.2 VI 


RUN 
100 
- 
<4 
TSO 
mA 
WAIT 
ISee Notel 
100 
- 
<15 
TSO 
mA 
STOP ISee Notel 
100 
- 
<30 
TSO 
~A 


I/O 
Ports Hi-Z Leakage Current 
PAO·PA7, 
PSO·PS7, 
PCO·PC7, P01·P04 
IlL 
- 
<1 
±1O 
~A 


Input Current 


RESET, 
IRO, TCAP, 
OSC1, 
POO, P05, 
P07 
lin 
- 
<1 
±1 
~A 


Capacitance 
Ports (as input or outputl 
Cout 
- 
- 
12 
pF 
RESET, IRQ, TCAP, 
OSC1, 
POO·P05, 
P07 
(in 
- 
- 
8 
pF 


NOTE 
Measured 
under the following conditions: 
1 All ports 
are configured 
as Input, 
VIL = 0.2 V, VIH ~ VOO - 02 
V 
2. No load on TCMP, 
CL ~ 20 pF on OSC2 


3 
OSC1 IS a square wave wIth 
VIL =02 
V, VIH = VOO -0.2 
V. 
4. TE=RE=SPE=O 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
Crystal 
Option 
fose 
- 
4.2 
MHz 


External Clock Option 
fose 
de 
42 
MHz 


Internal Operating 
Frequency 
Crystal 
(fose -i- 21 
fop 
- 
2.1 
MHz 


External 
Clock 
(fosc -i- 21 
fop 
de 
2.1 
MHz 


Cycle Time 
(See Figure 3-11 
tcyc 
480 
- 
ns 


Crystal 
Oscillator 
Startup 
T,me ISee Figure 3-11 
tOXOV 
100 
ms 


Stop 
Recovery 
Startup 
Time 
(Crystal 
Oscillatorl 
(See Figure 9-31 
tilCH 
- 
100 
ms 


l1tSET 
Pulse Width 
(See Figure 3-21 
tRl 
15 
- 
tcyc 


Timer 
Resolution * * 
tRESl 
4.0 
- 
tcyc 


Input 
Capture 
Pulse Width 
ISee Figure 9-41 
tTH, 
tTl 
125 
- 
ns 


Input Capture Pulse Period (See Figure 9-4) 
tTlTl 
... 
- 
tcyc 
Interrupt 
Pulse W,dth 
low 
(Edge- Triggeredl 
ISee Figure 3-41 
tlLlH 
125 
- 
ns 


Interrupt 
Pulse Period (See Figure 3-4) 
tlLll 
. 
- 
tCYC 
ascI 
Pulse Width 
tOH, 
tal 
90 
- 
ns 


*The 
minimum period tlllL 
should not be less than the number of cycle times it takes to execute the interrupt service routine plus 


21 Icyc. 


* * Since a 2-blt prescaler in the timer must count four internal cycles (tcycL this is the limitIng minimum factor In determining the timer 
resolution. 


* it it The minimum 
period tTL TL should not be less than the number of cycle times It takes to execute the capture interrupt service 


routine plus 24 tcyc. 


aSCII ~IIIIIIIIIII 
~IIIIIIIIIII 


tRl 


lnternal 
••""""•••••.••••••••.•••••.•••••••-- 
••••••••• 


Add~~: YXfX!XIX 


RESET or Interrupt 


Vector Fetch 
NOTES: 


1. Represents the Internal gating of the OSCl 
pin 


2. IRQ pin edge·sensitive 
mask option 
3. IRQ pin level and edge-sensitive 
mask option. 


4. RESET vector address shown for timIng example. 


• 


• 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
Crystal Option 
fase 
- 
2.0 
MHz 


External Clock Option 
fose 
de 
2.0 
MHz 


Internal Operating 
Frequency 
Crystal 
Ifose -<- 2) 
fop 
- 
10 
MHz 


External 
Clock 
Ifose -<- 21 
fop 
de 
1.0 
MHz 


Cycle Time 
ISee Figure 3-11 
teye 
1000 
- 
ns 


Crystal Oscillator Startup 
Time (See Figure 3·1) 
tOXOV 
- 
100 
ms 


Stop 
Recovery 
Startup 
Time 
ICrystal 
Oscillator) 
ISee Figure 9-31 
tlLCH 
- 
100 
ms 


RESET Pulse Width- 
Excluding 
Power-Up 
ISee Figure 3-11 
tRL 
15 
teye 


Timer 
Resolution'" 
.•. 
tRESL 
4.0 
- 
teye 
Input 
Capture 
Pulse Width 
(See Figure 9-4) 
tTH. 
tn 
250 
- 
ns 


Input Capture Pulse Period (See Figure 9-4) 
tnTL 
... 
- 
teye 
Interrupt 
Pulse Width 
Low 
IEdge-Triggered)ISee 
Figure 3-41 
tlLlH 
250 
ns 


Interrupt 
Pulse Period (See Figure 3-4) 
tlLlL 
. 
- 
teve 


OSCI 
Pulse Width 
tOH. 
tOL 
200 
ns 


.•.The minimum period tlLlL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 teye . 


.•.* Since a 2-bit prescaler in the timer must count four internal cycles (leyel, 
this is the limiting minimum factor in determining 
the timer 


resolution . 


.•..•..•.The minimum 
period tlL TL should not be less than the number of cycle times it takes to execute the capture 
interrupt service 


routine plus 24 !eyc. 


External 


Signal 
ITCAP 
Pin 371 


9.9 
SERIAL PERIPHERAL 
INTERFACE 
(SPI) TIMING 
(Figure 9-5) 


(VDD=5.0Vdc 
±10%, 
VSS=OVdc, 
TA=-55to 
+125°) 


Num. 
Characteristic 
Symbol 
Min 
Max 
Unit 


Operating 
Frequency 


Master 
foplml 
de 
1.05 
MHz 


Slave 
foplsl 
de 
2.1 
MHz 


1 
Enable Lead Time 
Master 
tleadlml 
" 
- 
ns 


Slave ICPHA=OI 
tleadlSOI 
240 
- 
ns 


Slave ICPHA= 
11 
tleadlSll 
100 
- 
ns 


2 
Enable Lag Time 


Master 
tlaglml 
" 
- 
ns 


Slave ICPHA ~ 01 
tlaglSOI 
0.0 
- 
ns 


Slave ICPl-IA ~ 11 
tlaglSll 
125 
- 
ns 


3 
Clock 
ISCKI 
High Time 
Master 
twlSCKHlm 
TBD 
- 
ns 


Slave 
twlSCKHls 
TBD 
- 
ns 


4 
Clock 
ISCKI 
Low Time 
Master 
twlSCKLIm 
TBD 
- 
ns 


Slave 
twlSCKLIs 
TBD 
- 
ns 


5 
Data Setup 
Time Iinputsl 
Master 
tsulml 
100 
- 
ns 


Slave 
tsulsl 
100 
- 
ns 


6 
Data Hold Time 
Iinputsl 
Master 
thlml 
100 
- 
ns 


Slave 
thlsl 
100 
- 
ns 


7 
Access Time 


Slave 
ta 
- 
TBD 
ns 


B 
Disable Time (Hold Time to High-Impedance 
State) 


Slave 
tdis 
- 
TBD 
ns 


9 
Data Valid 


Master 
I Before 
Capture 
Edge! 
tvlBlm 
TBD 
- 
ns 


Slave IAfte, 
Enable Edgel" 
" 
tvlBls 
- 
200 
ns 


10 
Data Valid 


Master 
IAfter 
Capture 
Edge! 
tvlAI 
TBD 
- 
ns 


11 
Rise Time 120% VDD 
to 70% 
VDD, 
CL - 200 pFI 


SPI Outputs 
ISCK, 
MOSI, 
MISOI 
t,m 
- 
100 
ns 


SPI Inputs 
ISCK, 
MOSI, 
MISO, 5$1 
trs 
- 
2.0 
~s 


12 
Fall Time 
170% VDD 
to 20% VDD, 
CL - 200 pF) 
SPI Outputs 
ISCK, 
MOSI, 
MISOI 
tfm 
- 
100 
ns 


SPI Inputs 
ISCK, 
MOSI, 
MISO, 
SSI 
tfs 
- 
2.0 
~s 


13 
Output 
Data Hold IAfte, 
Enable Edge) 


Master 
tho1ml 
0 
- 
ns 


Slave 
tho1sl 
0 
- 
ns 


• 


• 


9.10 
SERIAL PERIPHERAL 
INTERFACE 
(SPI) TIMING 
(Figure 9-5) 
(VDD = 3.3 Vdc ± 10%, VSS = 0 Vdc, TA = - 55 to + 125°Cl 


Num. 
Characteristic 
Symbol 
Min 
Max 
Unit 


Operating Frequency 
Master 
foplm) 
de 
0.5 
MHz 


Slave 
fopls) 
de 
1.0 
MHz 
, 
Enable Lead Time 


Master 
tleadlml 
. 
- 
ns 
Slave ICPHA~OI 
tleadlSOI 
500 
- 
ns 


Slave ICPHA= 
1) 
tleadlS1) 
200 
- 
ns 


2 
Enable Lag Time 
Master 
Ilaglm) 
. 
- 
ns 


Slave ICPHA= 
01 
tlaglSOI 
00 
- 
ns 
Slave ICPHA = 11 
tlaglS1) 
250 
- 
ns 


3 
Clock 
ISCKI 
High Time 
Master 
twISCKH)m 
TBD 
- 
~s 
Slave 
IwlSCKHls 
TBD 
- 
ns 


4 
Clock 
ISCK) 
Low Time 
Master 
twlSCKUm 
TBD 
- 
~s 
Slave 
twlSCKUs 
TBD 
- 
ns 


5 
Data Setup 
Time Iinputsl 
Master 
tsu(m) 
200 
- 
ns 


Slave 
Isulsl 
200 
- 
ns 
6 
Data Hold Time (Inputs) 
Master 
thlml 
200 
- 
ns 
Slave 
this) 
200 
- 
ns 


7 
Access Time 
Slave 
ta 
- 
TBD 
ns 
8 
Disable Time (Hold Time to High-Impedance 
State) 
Slave 
tdis 
- 
TBD 
ns 
9 
Data Valid 


Master 18efore Capture Edge) 
tvlBlm 
TBD 
- 
ns 
Slave IAfter 
Enable Edge)" 
tvlBls 
- 
400 
ns 


10 
Data Valid 
Master 
IAfter 
Capture 
Edge) 
IvlAI 
TBD 
- 
ns 


11 
Rise Time 120% VDD 
to 70% VDD. 
CL - 200 pF) 
SPI OulpulS 
ISCK. 
MOSI. 
MISO) 
Irm 
- 
200 
ns 
SPI Inputs 
ISCK. 
MOSI. 
MISO. 55) 
Irs 
- 
20 
~s 


12 
Fall Time 170% VDD 
to 20% VDD. 
CL - 200 pFI 
SPI Outputs 
ISCK. 
MOSI. 
MISO) 
tfm 
- 
200 
ns 
SPI Inputs 
ISCK. 
MOSI. 
MISO. 55) 
Ifs 
- 
2.0 
~s 
13 
Output 
Data Hold IAfter 
Enable Edge) 
Master 
Iholml 
0 
- 
ns 
Slave 
Iho1sl 
0 
- 
ns 


• 


• 


ss 
IInput! 


ss 


(Inputl 


• 


• 


55 
(Input) 


SECTION 
10 
ORDERING 
INFORMATION 


The following 
information 
is required 
when 
ordering 
a custom 
MCU. 
The information 
may be 
transmitted 
to Motorola 
in the following 
media: 


EPROM(s), 
MCM2716 
or MCM2532 


MOOS, 
disk file 


To initiate a ROM pattern 
for the M CU, it is necessary to first contact 
your local field service office, 


local salesperson, 
or Yol:Jr local Motorola 
representative. 


10.1.1 
EPROMs 


The MCM2716 
or MCM2532 
type EPROMs, programmed 
with the customer 
program 
(positive 
logic 
sense for address and data), may be submitted 
for pattern generation. 
The EPROMs must be clearly 
marked to indicate 
which 
EPROM corresponds 
to which 
address space. Figure 10-1 illustrates 
the 


markings 
for the three MCM2716 
EPROMs required 
to emulate 
the MC68HC05C4 
MCU. 
• 


After 
the 
EPROM(s) 
are marked, 
they 
should 
be placed 
in conductive 
IC carriers 
and securely 


packed. 
Do not use styrofoam. 


An 
MOOS 
disk, 
programmed 
with 
the customer 
program 
(positive 
logic 
sense for address 
and 
data), 
may be submitted 
for pattern 
generation. 
WHEN 
USING THE MDOS 
DISK, 
INCLUDE 
THE 


ENTIRE MEMORY 
IMAGE 
OF BOTH DATA 
AND 
PROGRAM 
SPACE. 
ALL UNUSED 
BYTES, 
IN- 


CLUDING 
THE USER'S 
SPACE, 
MUST 
BE SET TO ZERO. 


• 


All original 
pattern 
media (EPROMs 
or floppy 
disk) are filed for contractual 
purposes 
and are not 
returned. 
A computer 
listing 
of the ROM code will be generated 
and returned 
along with 
a listing 


verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
completed, 
signed, 
and returned 
to Motorola. 
The signed verification 
form constitutes 
the contractural 
agree- 


ment for creation 
of the customer 
mask. 
If desired, 
Motorola 
will program 
a blank MCM2716 
or 
MCM2532 
EPROM (supplied 
by the customer) 
from the data file used to create the custom 
mask to 
aid in the verification 
process. 


Ten MCUs containing 
the customer's 
ROM pattern will be sent for program 
verification. 
These units 
will have been made using the custom 
mask but are for the purpose 
of ROM verification 
only. 
For 
expediency 
they are usually unmarked, 
packaged 
in ceramic, 
and tested only at room temperature 
(25°) 
and five volts. 
These RVUs are included 
in the mask charge 
and are not production 
parts. 


These RVUs are not backed 
nor guaranteed 
by Motorola 
Quality 
Assurance. 


10.4 FLEXIBLE 
DISKS 


The disk media submitted 
must be single-sided, 
single density, 
8-inch 
MOOS compatible 
floppies. 


The customer 
must clearly label the disk with the ROM pattern 
file name and company 
name. The 
floppies 
are not returned 
by Motorola 
as they are used for archival 
storage. 
The minimum 
MOOS 
system files as well as the absolute 
binary object file (filename. LO type of file) from the M6805 cross 
assembler 
must 
be on the disk. An object 
file made from 
a memory 
dump; 
using the ROLLOUT 
command 
is also admissable. 
Consider 
submitting 
a source listing as well as: filename, 
.LX(EXOR- 
ciser loadable formatl. 
This file will of course be kept confidential 
and is used 1) to speed up the pro- 
cess in house if any problems 
arise, and 2) to speed up our customer 
to factory 
interface 
if a user 
finds any software 
errors and needs assistance 
quickly 
from 
the factory 
representative. 


MOOS is Motorola's 
Oisk Operating 
System available on development 
systems such as EXORciser, 


EXORset, 
etc. 


Select the options 
for the MCU from 
the following 
list. A manufacturing 
mask will be generated 


from 
this information. 
Select one in each section. 


Internal 
Oscillator 
Input 
o Crystal 
o Resistor 


Interrupt 
Trigger 
o Edge-Sensitive 
o Level- and Edge-Sensitive 


02532 
EPROM 


02716 
EPROM 
o MDOS 
Disk File 
o INotel 
_ 


• 


II 


SECTION 
11 
MECHANICAL 
DATA 


This section 
contains 
the pin assignment 
and package 
dimension 
diagrams 
for the MC68HC05C4 


microcomputer. 


VDD 


IRQ 
39 
OSC1 


NC 
38 
OSC2 


PA7 
4 
37 
TCAP 


PA6 
5 
36 
PD7 


PA5 
6 
35 
TCMP 


PA4 
7 
34 
PD5/SS 


PA3 
8 
33 
PD4/SCK 


PA2 
9 
32 
PD3/MOSI 


PAl 
10 
31 
PD2/MISO 


PAO 
11 
30 
PD1/TOO 


PBO 
12 
29 
PDO/RDI 


PB1 
13 
2B 
PCO 


PB2 
14 
27 
PCl 


PB3 
15 
26 
PC2 


PB4 
16 
25 
PC3 


PB5 
17 
24 
PC4 


PB6 
1B 
23 
PC5 


PB7 
19 
22 
PC6 


VSS 
20 
21 
PC7 


® MOTOROLA 


The HCMOS MC68HCll A4 is an advanced microcomputer 
IMCUI 
containing 
highly sophisticated 
on-chip peripheral functions. 
An im- 
proved instruction set provides additional capability while maintaining 
compatibility 
with the other members of the M6801 Family. The fully 
static design allows operation at frequencies down to dc. further reduc- 
Ing its already low power consumption. 
Features available in addition to 
the normal M6801 features include: 


• 
4K Bytes of ROM 


• 
512 Bytes of EEPROM 


• 
256 Bytes of RAM IAII Saved During Standbyl 


• 
Enhanced 16-Bit Timer System 
Four Stage Programmable Prescaler 
Three Input Capture Functions 
Five Output Compare Functions 


• 
An 8-Bit Pulse Accumulator 
Circuit 


• 
An Enhanced Non-Return-To-Zero 
Serial Communications 
Interface ISCIl 


• 
A New Serial Peripheral Interface 


• 
Eight Channel 8-Bit AI D Converter 


• 
A Real Time Interrupt Circuit 


• 
A Computer Operating Properly ICOPI Watchdog 
System 


VREFL 


VREFH 


HCMOS 


tHIGH-DENSITY 
HIGH-PERFORMANCE 
SILICON 
GATE) 


MODA/LIR 


MODBlVpp 


STRB/Riw 


STRA/AS 


• 


Senal 


SPI 
Peripheral 
RAM 
EEPROM 
ROM 


Interface 


SCI 


T' 


Serial 
"0 0 
~ .~ 
Communication 
c " 
0> 
Interface 
256 
512 
me 
.... n: 


Byles 
Byles 
4K Bytes 
o 
, 
z\1' 


c0 


'Ih 
0- 


VRL 
VRH 
VSS 
VDD 


~tPulse 
Accumulator 


~ 
TImer 


--Q...--O 
OCl 
System 


The MC68HC11 A4 is a singl~chip 
microcomputer 
that 
utilizes HCMOS techniques 
to provide the low-power 
char- 


aclenst,cs and high nOise Immunity of CMOS plus the high- 
speed operation of HMOS. On chip memory systems include 
a 4K byte ROM, 512 bytes of electrically erasable program- 
mable ROM (EEPROMI, and 256 bytes of static RAM 
The 
M C68HC11A4 mlcrocompu ter also provides highly sophisti- 
cated, on-chip 
peripheral functions 
including: 
an 8-channel 
analog-lo-digital 
converter, 
a senal communications 
inter- 


face (SCII subsystem, and a serial peripheral interface (SPI! 
subsystem. 


New 
design 
techniques 
are used to 
provide 
a 2 MHz 
nominal bus rate. The timer system is expanded to provide 
three rnput capture lines, five output 
compare lines, and a 
real time interrupt 
circuit. 
This gives the MC68HC11A4 one 
of the most comprehensive 
timer systems found on a single- 
chip microcomputer. 
Other features of the MC68HC11A4 in- 


clude: a pulse accumulator 
which can be used to count ex- 


ternal 
events 
(event 
counting 
model 
or measure 
an external 
period (input gates accumulation 
of internal clock - 
E/64I; a 
computer operatrng properly (COPI watchdog 
system which 
helps 
protect 
against 
software 
failures; 
a programmable 
clock monitor system which causes generation of a system 
reset in case the clock is lost or running too slow; and an il- 
legal opcode detection circuit which prOVides an unmaskable 
interrupt 
if an illegal opcode fetch is detected. 


The MC68HCllA4 
MCU uses two dedicated pins (MODA 
and MODBI 
to select one of two basic operating 
modes or 
one of two 
special operating 
modes. 
The basic operating 


modes are singl~chip 
(mode 01 and expanded multiplexed 
(mode 11,and the special operatrng modes are bootstrap and 
special test. The levels required on the MODA and MODB 
pins for mode selection are discussed in FUNCTIONAL 
PIN 
DESCRIPTION. 
The charactenstics 
of the operating modes 


are discussed below. 


SINGLE-CHIP MODE (MODE Ol 


In the singl~chip 
mode 
the 
MCU 
functions 
as a self- 


contained 
microcomputer 
and 
has 
no 
external 
address 
or 


data bus. lri this mode the MCU provides maximum use of its 
pins for on-chip 
peripheral 
functions, 
and all address and 
data activity occurs within 
the MCU. As discussed in FUNC- 


TIONAL 
PIN 
DESCRIPTION, 
when 
MODA=O 
and 


MODB = VDD the single chip mode ISselected during reset. 


EXPANDED MULTIPLEXED 
MODE (MODE 11 


In this mode, two I/O ports plus two additional 
I/O lines 


become address, data, and control 
(AS and R/WI 
to allow 
the MCU to address up to 64K bytes of address space. High 
order address bits are output on the port B pins. Low order 
address bits and the data bus are time multiplexed 
on the 
eight port C pins. Port D bit 6 becomes the address strobe 
(ASI control output which is used in demultiplexrng 
the low 


order address from the data at port C. The R/W control pin 
(port 
D, 
pin 71 is used to control 
the direction 
of data 
transfers 
on the port C bus. Refer to FUNCTIONAL 
PIN 


DESCRIPTION and INPUT/OUTPUT 
PORTS for additional 


information 
regarding 
address strobe, 
read/write, 
port 
B, 


and port C. 


BOOTSTRAP 
MODE 


The bootstrap 
mode 
is considered 
a special 
mode as 
distinguished 
from the normal operating 
single-chip 
mode. 
In lhe bootstrap 
mode, all vectors are fetched from the 128 
byte on-chip boot loader ROM. This is a very versatile mode 
since there are essentially no limitations 
on the special pur-· 


pose program that is boot loaded into the internal RAM. The 
boot 
loader is contained 
in 128 bytes 
of 
ROM which 
is 
enabled as internal memory space at $BF80-$BFFF. The boot 
loader contains a small program which reads a 256 byte pro- 
gram into on-chip 
RAM ($OOOO-$OOFFI.After 
the character 
for address $OOFFis received, control is automatically 
passed 
to that 
program 
at memory 
address $ססoo and the MCU 
operates in the single-chip 
mode. 


In the bootstrap mode, the serial receive logic is Initialized 
by software 
in the boot loader ROM. This allows the pro- 


gram control 
of the serial communications 
interface 
(SCII 
baud and word format. 


During 
initialization 
of 
the 
special 
bootstrap 
mode, 
a 
special control bit is configured 
to permit access to a number 
of special test control bits which allows for self testing of the 
MCU in the bootstrap 
mode. Also, since the mode control 
bits can be written 
to, the operating mode of the MCU may 


be changed 
from 
the special bootstrap 
mode (which 
is a 
singl~chip 
mode by defaultl 
to expanded multiplexed 
mode 
under program control. 


TEST MODE 


The test mode is considered a speCial mode as distinguish- 


ed from the normal operating 
expanded multiplexed 
mode; 


however, it is considered as operating in the expanded multi- 
plexed mode since external memory may be addressed. The 
reset vector is fetched from external memory space $BFFE- 
$BFFF; therefore, program control may be vectored to an ex- 
ternal test program. 
The test mode is primarily intended as the main production 
test mode at the time of manufacture; 
however, It may also 
be used to program calibration or personality data rnto the in- 
ternal 
EEPROM (electrically 
erasable 
programmable 
read 
only memoryl 
of the MC68HC11A4. 
Dunng initialization 
of 
the test mode, a special control 
bit is configured 
to permit 


access to a number of special test control 
bits. Also, srnce 
the mode control bits can be written 
to in the test mode, the 
operating 
mode 
of the 
MCU 
may be changed 
from 
the 
special test mode (which 
is an expanded multiplexed 
mode 
by defaultl 
to the single· chip mode under program control. 


Composite memory maps for each MC68HC11A4 mode of 
operation 
are shown 
in 
Figure 2. 
These 
modes 
include 
single-chip, 
expanded multiplexed, 
special boot, and special 
test. 


In 
the 
single-chip 
mode 
(mode 
01 of 
Figure 
2, 
the 


MC68HC11A4 does not generate external addresses. The ac- 
tual internal memory locations are shown in the shaded areas 
of 
Figure 2 and the contents 
of these shaded 
areas are 


shown 
on 
the 
right 
side 
of 
the 
diagram. 
For example: 


memory 
locations 
$סס oo through 
$OOFF contain 
the 256 
bytes allocated 
to RAM; 
memory 
locations 
$1000 through 


$103F are allocated 
for a 54-byte 
register 
block; 
memory 


locations $B600 through 
$B7FF are allocated for a 512-byte 


EEPROM 
(electrically 
eraseable 
programmable 
read only 


memory); 
and memory locations 
$Fooo through 
$FFFF are 


allocated 
for 4K bytes of ROM (memory 
locations 
$FFCO 


through 
$FFFF are reserved 
for 
the 
interrupt 
and 
reset 


vectors!. 


The expanded multiplexed 
mode (mode 11 memory loca- 


tions shown 
in Figure 2 are basically the same as for the 
single-chip 
mode; however, 
the memory locations between 
the shaded areas (designated 
EXT) are for externally 
ad- 


dressed memory and I/O. 


The special bootstrap 
mode memory locations are similar 
to the single-chip 
memory 
locations 
except 
that a special 


$Booo 
• 


$Aooo 


$9000 


$8000 


$7000 


$8000 


$5lXX) 


$4000 


$3000 


$2000 


$1000 


$סס oo 


D 
~ 
Interrupt 


_~4KROM 
F~F 
~ 
(~e:::D~OJ 


4K ROM 


Fooo 
(May Be DisabledFrom Internal Map) 
$סס oo 


$COOO 
~ 
bJ 


FFF 
Interrupt 
BFFF 
Vectors 


B~ 
BFCO 
(If SMOD= 11 


c:J 


7FF 


517 Byte EEPROM 
86CXJ 
(May Be Disabled From Internal Map) 


64 Byte RegisterBlock 
L 


Fl(May Be RemappedTo Any 4K Boundary) 
Ld For ExpandedModes 


/ 
~ 
PORTCPORTCLDDRC PORTB 


~ 
And PIOCAre EXT 


~ 
bJFF 
256 Byte RAM 


-./סס oo 
(May Be RemappedTo Any 4K Boundary) 


------- 


Single 
Chip 
(Mode 0) 


Expanded 
Mux 
(Mode 11 


bootstrap 
program is addressed at memory locations $BF80 


through $BFFF. The special bootstrap 
program controls the 


process of boot loading a 256 byte program through a serial 
port into internal RAM. 


The special test mode memory locations are similar to the 
expanded multiplex mode except the interrupt vectors are at 


external 
memory 
locations. 


The central processing unit ICPU) of the MC68HC11A4 is 
basically an extension of the MC6801 CPU. In addition to be- 
ing able to execute all MC6800 and MC6801 instructions, 
the 


MC68HC11A4 uses a 4-page opcode map to allow execution 
of 91 new opcodes. 
As in the MC6801 , the CPU of the 
MC68HC11A4 is implemented 
independently 
from the I/O, 


memory, or on-chip peripheral configurations. 
Consequent- 
ly, this CPU can be treated as an independent processor 
communicating 
with 
these 
internal 
subsystems 
when 
operating 
in the single-chip 
mode. 
However, 
when 
the 
MC68HC11A4 is operating 
in the extended 
multiplexed 
mode, it is capable of addressing external memory and 


peripherals in addition to communicating 
with the on-chip 
subsystems. 
The MC68HCllA4 
CPU has seven registers available to 
the programmers as shown in Figure 3. The interrupt stack- 
ing order is shown in Figure 4. The seven registers are 
discussed below. 
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°1 
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°1 
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Overflow 


Zero 
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II 


SP 


SP-l 
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SP-3 


SP-4 


SP-5 
• 


SP-6 


SP-7 


SP-8 


SP-9 


PCL 


PCH 


IYL 


IYH 


IXL 


IXH 


ACCA 


ACCS 


CCR 


ACCUMULATOR 
A AND B 


Accumulator 
A and accumulator 
B are general purpose 
B-bit registers used to hold operands and results of arith- 
metic calculations or data manipulations. As in the MC6801, 
these two accumulators can be concatenated into a single 
double-byte accumulator called the D accumulator. 


INDEX REGISTER X (IX) 


The 16-bit IX register is used during indexed modes of ad- 
dressing. It provides a 16-bit indexing value which may be 
added to an B-bit offset provided in an instruction to create 
an effective address. The IX register can also be used as a 
counter or as a temporary storage area. 


INDEX REGISTER Y (lY) 
The 16-bit IY register is also used during indexed modes of 
addressing similar to the IX register; however, most instruc- 
tions using the IY register require an extra byte of machine 
code and a cycle of execution time since they are two byte 
opcodes. The IY register can also be used as a counter or as 
a temporary storage in the same manner as the IX register. 


STACK POINTER ISP) 
The stack pointer ISPI is a 16-bit register that contains the 
address of the next free location on the stack. The stack is 
configured 
as a sequence of 
last-in-first-out 
read/write 
registers which allow important data to be stored during in- 
terrupts and subroutine calls. Each time a new byte is added 
to the stack la pushl, the SP is decremented; whereas, each 
time a byte is removed from the stack la pulll the SP is in- 
cremented. The address contained in the SP also indicates 
the location at which the accumulators IA and BI, IX, and IY 
can be stored during certain instructions. 


PROGRAM COUNTER IPCI 


The program counter is a 16-bit register that contains the 


address of the next instruction to be executed. 


CONDITION CODE REGISTER (CCR) 
The condition code register is an B-bit register in which 


each bit Signifies the results of the instruction just executed. 
These bits can be individually tested by a program and a 
specific action can be taken as a result of the test. Each In- 
dividual condition code register bit is explained below. 


Carry/Borrow 
IC) 


The C bit is set if there was a carry or borrow out of the 


arithmetic logic unit IALU) during the last arithmetic opera- 
tion. The C bit is also affected during shift and rotate instruc- 
tions. 


Overllow IV) 


The overflow bit is set if there was an arithmetiC overflow 


as a result of the operation; otherwise, the V bit is cleared. 


lero Il) 


The zero bit is set if the result of the last arithmetic, logic, 


or data manipulation 
was zero; otherwise, 
the Z bit IS 


cleared. 


Negative INI 


The negative bit is set if the result of the last arithmetic, 


logic, or data manipulation was negative Ib7 of result equal 
to a logic onel; otherwise, the N bit is cleared. 


I Interrupt Mask III 


The I interrupt mask bit is set either by hardware or pro- 


gram instruction 
to disable Imaskl all maskable Interrupt 


sources (both external and internall 


Half Carry IH) 


The half carry bit is set to a logic one when a carry occurs 


between bits 3 and 4 of the arithmetic logic unit during an 
ADD, 
ABA, 
or ADC instruction; 
otherwise, 
the H bit is 


cleared. 


X Interrupt Mask IX) 
The X interrupt mask bit is set only by hardware (Reset or 


XIRO); and it is cleared only by program Instruction ITAP or 
RTII. 


Stop Disable IS) 


The stop disable bit is set to disable the STOP instruction, 


and cleared to enable the STOP instruction. The S bit is pro- 
gram controlled. 
The STOP instruction 
is treated as no 
operation (NOP) if the S bit is set. 


The below pin descriptions do not include the I/O ports. 


They 
are 
discussed 
separately 
under 
INPUT/OUTPUT 
PORTS. 


VDD AND VSS 


Power is supplied to the MC68HCllA4 
using these two 
pins. VDD is power input 
(+ 5 VI and VSS is the power 


return path. 


RESET 
This active low bi-directional control pin is used as an in- 


put to initialize the MC68HCllA4 
to a known start-up state, 


and as an open-drain output 
to indicate an internal failure 


has been detected in either the clock monitor or computer 
operating properly (COPI circuit. 


XTAL, EXTAL 


These two inputs provide for an interface with either a 


crystal input or a CMOS compatible clock to control the 
MC68HC11A4 internal clock generator circuitry. 
The fre- 


quency applied to these pins should be four times the desired 
internal clock rate since an internal divide-by-four 
circuit 
determines the actual E-c1ockrate. When a crystal is used, a 
25 picofarad capacitor should be connected between VSS 
and each of these two pins (XTAL and EXTALI; however, If 
a CMOS compatible external clock is used, the signal should 
be connected to the EXTAL pin and the XTAL pin should be 
left disconnected. 


The E pin provides an output for the internally generated 
E-c1ockwhich can be used as a timing reference. The fre- 
quency of the Eoutput is actually one fourth that of the input 
frequency at the XTAL and EXTAL pins. In general when the 
E pin is low, an internal process is taking place and, when 
high, data is being accessed. This output becomes inactive 
during the power-saving wait mode If the MC68HCl1A4 
is 
operating 
in 
the 
single-chip 
or 
bootstrap 
modes 
Isee 


MODA/LlR, 
MODBlVpp 
description below!. 


IRQ 


The 
IRQ pin 
provides 
a means for 
requesting 
asyn- 


chronous interrupts to the MC68HCllA4. 
The IRO interrupt 
input is program selectable with a choice of either negative 
edge-sensitive or level-sensitive triggering. The IRO interrupt 
Input is always configured to level-sensitive triggering during 
reset. The IRO pin requires an external resistor to VDD. The 
MCU completes the current instruction before responding to 
an interrupt request on the IRQ pin. 


If IRO is low and the interrupt mask bit II bill in the condi- 


tion code register is clear, the MCU begins an interrupt se- 
quence at the end of the current instruction. 


XIRQ 


The XIRQ pin provides a means for requesting asyn- 


chronous 
non-maskable 
interrupts 
to the MC68HC11A4, 


after a power-on 
reset. During reset (including 
power-on 
resell, the X bit in the condition code register is set and the 
XIRQ interrupt is masked to preclude Interrupts on this line 
until MCU operation is stabilized. The X bit may then be 
deared by program control lusing the transfer accumulator 
A instruction, TAPI; however, the X bit can only be set again 
by reset or by recognition 
of a hardware XIRQ Interrupt. 


Once the X bit in the condition code register is cleared, an in- 
terrupt on the XIRQ pin will be serviced as soon as the MCU 


completes the current instruction. When an XIRO interrupt is 
recognized, on-chip hardware automatically sets the X bit. 
The X bit can be cleared either as part of interrupt routine by 
the TAP instruction (nested interruptI or by the return from 
interrupt 
instruction. 
The XIRO pin requires an external 
resistor to VDD. 


The XIRO input may also be used to return the MCU to 


normal operation from the low-power stop mode by applying 
a low level to the XIRO pin. If the X bit in the condition code 
register is cleared and the MCU is in the stop mode, a low in- 
put on the XIRO brings the MCU out of the stop mode and 
operation resumes with 
the stacking operation leading to 
service of the XIRO request. If the X bit is set and the MCU is 
in the stop mode, a low input on the XIRO brings the MCU 
out of the stop mode and operation resumes with the pro- 
gram instruction following the STOP instruction. 


MODA/LlR, 
MODBlVpp 


These pins have alternate functions, 
MODA and MODB 


controlling one function, Vpp controlling an alternate func- 
tion, and DR used for an alternate function. 


MODA, MODB 


During reset these two pins are used to control the two 
basic operating modes of the MC68HCll A4 plus two special 
operating modes. The modes versus MODA and MODB in- 
puts are shown in the table below. 


MODB 
MODA 
Mode Selected 


VDD 
0 
Single-Chip(Mode01 
VDD 
1 
ExpandedMultiplexed(Mode 11 


I 
0 
Special Bootstrap 
I 
1 
Special Test 


, = Logic High 
0= Logic Low 
I ~1.4TimesVDD lor Higherl 


'JPP 


In addition to the MODA function, the MODAlVpp 
pin is 


also used to supply the programming voltage for programm- 
ing the internal EEPROM. Changing the voltage applied to 
this pin after reset has no affect on mode selection. 


L1R 


In addition to the MODA function, 
the MODA/LIR 
pin 
provides an output as an aid in debugging once reset is com- 
pleted. The LlR pin goes to an active low during the first 
E-clock cycle of each instruction 
and remains low for the 


duration of that cycle lopcode fetch!. 
Some MC68HCl1A4 
opcodes are two consecutive bytes long Including a page 2 
IPG2l, page 3 IPG3l, or page 4 IPG41prebyte. For these in- 
structions L1R goes low for only the first Iprebytel opcode 
byte fetch. 


NOTE 


The LlR output will not go low for at least two E-c1ock 
cycles after reset because of the reset vector fetch. 


II 


• 


VREFL, VREFH 


These two 
pins provide 
the reference voltage for the 


analog-to-digital converter. 


R/W/STRB 


This pin provides two different functions depending on the 
operating mode. In single-chip mode the pin provides the 
STRB (output strobel function and in the expanded multi- 
plexed mode it provides the R/W Iread-write) function. 
In the single-chip mode the STRB pin acts as a program- 


mable strobe. This strobe can also be used to provide a data 
acknowledge (handshake) to a parallel I/O device. 


In the expanded multiplexed mode the R/W Iread/write) is 
used to control the direction of transfers on the external data 
bus. A low level Iwrite) on the R/W pin enables the data bus 
output drivers to the external data bus. A high level Ireadl on 
this pin forces the output drivers to a high-impedance state 
and data is read from the external bus. 


AS/STRA 


This pin provides two different functions depending on the 
operating mode. In single-chip mode, the pin provides the 
STRA linput 
strobel function 
and in the expanded multi- 


plexed mode it provides the AS laddress strobel function. 


In the single-chip mode, the STRA pin acts as a program- 


mable input strobe. This input is also used with STRB and 
port C for full handshake modes of parallel I/O. 
In the 
expanded 
multiplexed 
mode 
the 
AS 
laddress 
strobe) output may be used to demultiplex the address and 
data signals at port C. 


There are five8-bit ports on the MC68HCllA4 
MCU. All of 
these ports serve more than one purpose depending on the 
mode configuration of the MCU. A summary of the pins ver- 
sus function and mode is provided in Table 1 and discussed 
in the following paragraphs. Because the port functions are 
controlled 
by the particular 
mode selected, each port is 
discussed for its function{s) during the mode of operation. 


SINGLE-CHIP MODE 


In the single-chip mode the MC68HC11A4 functions as a 


monolithic microcomputer without 
external address or data 
buses. In this mode, four of these ports lA, B, C, DI are con- 
figured as parallel I/O data ports. Port E can be used for 
general purpose static inputs and/or 
analog-to-dlgital 
con- 


verter 
channel 
inputs. 


Port A 


In all operating modes lincluding 
the single-chip mode) 
port A may be configured for: three input capture functions 
IIC1, IC2, IC3l, four output compare functions IOC2, OC3, 
OC4, OC5), and a pulse accumulator input IPAII or a fifth 
output compare function (OClI. 


Each of the input capture pins provide for a transitional in- 


put which is used to latch a timer value into a 16-bit read- 
only register linput capture register!. The value latched by an 
input capture corresponds to the value of the free running 
counter which is part of the timer system. External devices 
provide the transitional inputs and internal decoders deter- 
mine which input transition edge Irising, falling, or either! is 
sensed. 


Each of the output compare pins provide for an output 
whenever a match is made between the value in the free- 
running counter lin the timer systeml and a value loaded into 
the particular 16-bit output compare register. The outputs 
can be used externally to indicate that a certain period of 
time has elapsed. 


When port A pin 7 !PA7) is configured as a pulse accumu- 


lator input !PAil, 
the' external input pulses are applied to a 


pulse accumulator register within the MC68HCllA4. 


Each port A pin that is not used for its alternate timer func- 


tion, as described above, may be used as a general purpose 
input or output line. 


Port B 


In the single-chip mode, all of the port B pins are general 


purpose output 
pins. During MCU read cycles the levels 


sensed at the input side of the port B output drivers is read. 
Port B may also be used In a simple strobed output mode 
where the STRB (port D bit 71 pulses each time port B is 
written. 


Port C 


In the single-chip mode, all port C pins are general purpose 


input/output 
pins. Port C inputs can be latched by the STRA 


input (at port D bit 61. Port C may also be used In full hand- 
shake modes of parallel I/O where the STRA input and 
STRB output act as handshake control lines. 


Port D 


In the single-chip mode port D bits 0-5 may be used for 


general I/O or with the serial communications interface ISCII 
and serial peripheral Interface (SPI) subsystems. Bits 6 and 7 
are used as handshake control signals for ports Band 
C. 


Bit 0 is the receive data Input IRxD! for the senal com- 


munication interface ISCII. 


Bit 1 is the transmit data output ITxD! for the SCI. 
Bits 2 through 5 are dedicated to the serial penpherallnter- 


face ISPII. Bit 2 is the master-In-slave-out IMISO) line; this 
pin ISan input when the SPI is configured as a master device 
and an output when configured as a slave device. Bit 3 ISthe 
master-out-slave-in (MOSI) line; this pin is an output when 
the SPI is configured as a master device and an input when 
configured as a slave device. Bit 4 IS the senal clock ISCKI 
and is an output when the SPI is configured as a master and 
an input when configured as a slave device. Bit 5 is the slave 
select (SS) input which 
receives an active low signal to 


enable a slave device to accept SPI data. 


Bit 6 ISTRAI and 7 ISTRB) are discussed in FUNCTIONAL 


PIN DESCRIPTION. 


Single-Chip 
Expanded 
Multiplexed 


Port-Bit 
Modes 0 and Bootstrap 
Mode 
Mode 
1 and Special 
Test 
Mode 


A-O 
PAO/IC3 
PAO/IC3 
A-l 
PA1/1C2 
PA1/IC2 


A-2 
PA211Cl 
PA2/1Cl 


A-3 
PA3/0C5/and-or 
OCl 
PA3/0C5/and-or 
OCl 


A-4 
PA4/0C4/and-or 
OCt 
PA4/0C4/and-or 
OCl 


A-5 
PA5/0C3/and-or 
OCt 
PA5/0C3/and-or 
OCl 


A-6 
PA6/0C2/and-or 
OCt 
PA6/0C2/and-or 
OCl 
A-7 
PA7IPAl/and-or 
OCt 
PA7/PAl/and-or 
OCl 


B-O 
PBo 
AB 


B-1 
PBl 
A9 


B-2 
PB2 
AlO 


B-3 
PB3 
All 


B-4 
PB4 
A12 
B-5 
PB5 
A13 
B-6 
PB6 
A14 
B-7 
PB7 
A15 


CoO 
PCO 
Ao/Do 
C-l 
PCl 
Al/Dl 


C-2 
PC2 
A2/D2 
C-3 
PC3 
A3/D3 
C-4 
PC4 
A4/D4 
C-5 
PC5 
A5/D5 
C-6 
PC6 
A6/D6 
C-7 
PC7 
A7/D7 


D-o 
PDo/RxD 
PDo/RxD 


D-l 
PD1/TxD 
PD1/TxD 


D-2 
PD2/MISO 
PD2/MISO 
D-3 
PD3/MOSI 
PD3/MOSI 


D-4 
PD4/SCK 
PD4/SCK 


D-5 
PD5/SS 
PD5/SS 
D-6 
STRA 
AS 
D-7 
STRB 
R/Iii 


E-o 
PEo/ANo 
PEo/ANo 


E-l 
PE1/ANl 
PEl/ANt 


E-2 
PE2/AN2 
PE2/AN2 
E-3 
PE3/AN3 
PE3/AN3 
E-4 
PE4/AN4 
II 
PE4/AN41I 


E-5 
PE5/AN511 
PE5/AN511 
E-6 
PE6/AN611 
PE6/AN611 
E-7 
PE7/AN7 
II 
PE7I AN7 II 


Port 
E 


In all 
operating 
modes 
(including 
the 
single-chip 
mode), 


port 
E 
is 
used 
for 
general 
purpose 
static 
inputs 
and/or 


analog-to-digitaIIA/D) 
channel 
inputs. 
Port 
E should 
not 
be 


read 
as static 
inputs 
while 
an AI D conversion 
is actually 
tak- 


ing 
place. 


total 
address 
space 
includes 
the 
same 
on-chip 
memory 
ad- 


dress 
as 
for 
single-chip 
mode 
plus 
external 
peripheral 


devices. 
In this 
mode 
ports 
B, C, and 
bits 
6 and 
7 of port 
D 


are 
configured 
as a memory 
expansion 
bus. 


Port 
A 


In 
all 
operating 
modes 
(including 
the 
expanded 
multi- 


plexed 
model, 
port 
A 
may 
be 
configured 
for: 
three 
input 


capture 
functions 
IIC1, 
IC2, 
IC31, four 
output 
compare 
func- 


tions 
IOC2, 
OC3, 
OC4, 
OC51, 
and 
a pulse 
accumulator 
input 


!PAil 
or a fifth 
output 
compare 
functon 
IOC1). 


Each 
of the 
input 
capture 
pins 
provide 
for 
a transitional 
in- 


put 
which 
is used 
to 
latch 
a timer 
value 
into 
a 16-bit 
read- 


only 
register 
!input 
capture 
registerl. 
The 
value 
latched 
by an 


input 
capture 
corresponds 
to 
the 
value 
of 
a free 
running 


NOTE 


On 48-pin 
packaged 
versions 
of the 
MC6BHCllA4, 
the 


four 
most 
significant 
bits 
of port 
E are 
not 
connected 


to PinS. 


EXPANDED 
MULTIPLEXED 
MODE 


In the 
expanded 
multiplexed 
mode, 
the 
MC6BHC11A4 
has 


the 
capability 
of 
accessing 
a 64K 
byte 
address 
space. 
The 


• 


• 


counter which 
is part of the timer system. External devices 
provide the transitional 
inputs and internal decoders deter- 


mine which input transition edge Irising, falling, or either! is 
sensed. 


Each of the output 
compare 
pins provide for an output 


whenever a match is made between the value in the free run- 
ning counter 
lin the timer system) and a value loaded into 


the particular 
16-bit output 
compare register. The outputs 
can be used externally 
to indicate that a certain period of 
time has elapsed. 


When port A pin 7 (PA71 is configured 
as a pulse accumu- 


lator input !PAil, 
the external input pulses are applied to a 


pulse accumulator 
register within 
the MC68HC11 A4. 


Each port A pin that is not used for its alternate timer func- 


tion as described above, may be used as a general purpose 
input or output 
line. 


Port B 


In the expanded multiplexed 
mode, all of the port B pinS 


act as high order address output 
pins. During each MCU 


cycle, bits 8 through 
15 of the address are output 
on the 


PBO-PB7 lines respectively. 


Port C 


In the expanded multiplexed 
mode, all port C pins are con- 
figured as multiplexed addressl data pins. DUring the address 
portion of each MCU cycle, bits 0 through 7 of the address 
are output on the PCO-PC7 lines. During the data portion of 
each MCU 
cycle 
IE highl, 
bits 0 through 
7 IDO-D71 are 
bidirectional 
data pins controlled 
by the R/W signal. 


Port D 


In the expanded multiplexed 
mode port D bits 0-5 may be 


used for general 110 or with the serial communications 
inter- 


face (SCII and serial peripheral interface (SPII subsystems. 
Bits 6 and 7 act as expansion bus control lines AS and R/W 
respectively. 
Bit 0 is the receive data Input IRxD) for the serial com- 


mUnications interface ISCII. 
Bit 1 is the transmit data output 
ITxD) for the SCI. 


Bits 2 through 5 are dedicated to the serial peripheral inter- 


face ISPII. 
Bit 2 is the master·in-slave-out 
IMISOI 
line; this 


pin is an input when the SPI is configured 
as a master device 
and an output when configured 
as a slave device. Bit 3 is the 


master-out-slave-in 
IMOSII 
line; this pin is an output 
when 
the SPI is configured 
as a master device and an input when 


configured 
as a slave device. Bit 4 is the serial clock ISCK) 


and is an output when the SPI is configured 
as a master and 
an input when configured 
as a slave device. Bit 5 is the slave 
select ISSI 
input 
which 
receives an active 
low signal to 
enable a slave device to accept SPI data. 
Bit 6 (ASI and 7 IRiW) 
are discussed in FUNCTIONAL 
PIN DESCRIPTION. 


Port E 


In all operating 
modes 
lincluding 
the expanded 
multi- 


plexed mode), 
port E is used for general purpose static in- 


puts andlor 
analog-to-digital 
IAIDI 
channel inputs. 
Port E 


should not be read as static inputs while an AI D conversion 
is actually taking place. 


NOTE 


On 48-pin packaged versions of the MC68HC11A4, the 
four most significant 
bits of port E are not connected 
to external pins. 


BOOTSTRAP 
MODE 


In the bootstrap 
mode all 1/0 port pins function 
the same 


as in 
the 
single-chip 
mode. 
Operational 
differences 
are 


discussed in OPERATING MODES. 


TEST MODE 


In the test mode all 1/0 port pins function 
the same as in 
the expanded multiplexed 
mode. Operational differences are 


discussed in OPERATING MODES. 


The MC68HC11A4 
MCU interrupts 
can be generated 
by 
any of four different basic methods: 111by presenting the ap- 
propriate external signal; 121by enabling interrupts 
from the 


programmable 
timer output compare or input capture, serial 


communication interface, serial peripheral interface timer 
overflow, 
pulse accumulator, 
or parallel 1/0; 
131by executing 
a software interrupt 
ISWII instruction; 
or (41 by detection 
of 


an illegal opcode. 


The program may also be interrupted 
by: (1) detection of a 


timeout In the computer operating properly ICOP) circuit, (2) 
clock monitor detects loss of the E-clock or a low frequency 
E-c1ock, or (3) by a reset. The above three methods of inter- 
rupting 
the program result in fetching 
a reset vector rather 


than an interrupt 
vector; 
however, 
they 
do interrupt 
the 
program. 


When an external or internal Ihardwarel 
interrupt 
occurs, 


the interrupt 
is not serviced until the current instruction 
be- 


ing executed 
is completed. 
Until the current 
Instruction 
is 


complete, 
the interrupt is considered pending. After comple- 


tion of current Instruction execution, unmasked 
Interrupts 


may be serviced 
in accordance 
with 
an established 
fixed 


hardware priority circuit; however, one I bit related Interrupt 
source may be elevated to the highest I bit priority position In 
the circuit. 


Seventeen 
hardware 
interrupts 
and one software 
interrupt 


lexcluding 
reset type interruptsl 
can be generated from all of 


the possible sources. The interrupts 
can be divided into two 
basic 
categories, 
maskable 
and 
non-maskable. 
In 
the 
MC68HC11A4 fifteen of the interrupts 
can be masked using 


the 
cor,dition 
code 
register 
I bit. 
In addition 
to 
being 


maskable by the I bit In the condition 
code register, all of the 


on-chip 
interrupt 
sources are IndiVidually moskable by con- 


trol bits. 
The 
software 
interrupt 
(SVVI 
instruction) 
IS a non- 


maskable 
instruction 
rather 
than 
a 
maskable 
interrupt 


source. The last interrupt 
(external input to the XIRO pinl is 


considered 
as 
a 
non-maskable 
interrupt 
because 
once 
enabled, 
it cannot 
be 'T1asked by software; 
however 
it IS 


masked during reset and upon receipt of an interrupt 
at the 


XIRO pin. Table 2 prOVides a list of each interrupt, 
Its vector 


location in ROM, and the actual condition 
code register bit 


that masks it. A discussion of the various Interrupts 
IS pro 
vided below. 


Vector 
Masked 
Address 
Interrupt 
Source 
By 


FFCO,Cl 
Reserved 
- 


I 
I 
I 
I 


FFD4, D5 
Reserved 
- 
FFD6, D7 
SCI Senal System 
Bit 


FFDB,D9 
SPI Senal Transfer Complete 
Bit 
FFDA, DB 
Pulse Accumulator 
Input Edge 
Bit 
FFDC, DD 
Pulse Accumulator 
Overflow 
Bit 
FFDE, DF 
Timer Overflow 
Bit 


FFEO,El 
Timer Output 
Compare 5 
Bit 
FFE2,E3 
Timer Output 
Compare 4 
Bit 
FFE4,E5 
Timer Output 
Compare 3 
Bit 
FFE6,E7 
Timer Output 
Compare 2 
Bit 


FFEB,E9 
Timer Output 
Compare 
1 
Bit 
FFEA, EB 
Timer Input Capture 3 
Bit 
FFEC,ED 
Timer Input Capture 2 
Bit 
FFEE,EF 
Timer Input Capture 
1 
Bit 


FFFO,Fl 
Real Time Interrupt 
I Bit 
FFF2, F3 
IRQ IExternal Pin or Parallel1/01 
I Bit 
FFF4, F5 
XIRO Pin (Pseudo Non~maskable Interrupt) 
X Bit 
FFF6, F7 
SWI 
None 


FFFB,F9 
Illegal Op-Code Trap 
None 
FFFA, FB 
COP FailureIResetl 
None 
FFFC, FD 
COP Clock MOnitor Fail IResell 
None 
FFFE,FF 
RESET 
None 


TIMER INTERRUPTS 


The timer system 
provides 
nine of the fifteen 
Interrupt 
possibilities: 
five output compare interrupts, 
three input cap- 


ture 
interrupts, 
and 
a timer 
overflow 
interrupt. 


The timer contains 
five 16-bit output 
compare 
registers 
which 
are program 
controlled 
and may be loaded with 
a 
number 
between 
$OOOO-$FFFF.The value in each output 
compare register 
IS then compared 
to a 16-bit comparator, 


which 
IS loaded from the timer free running counter, 
during 
each clock 
cycle. 
If a match 
is found 
between 
the 16-bit 
comparator 
value and the output compare register value, the 
corresponding 
output compare flag is set. When the output 
compare flag 
IS set, a corresponding 
output 
compare inter- 


rupt may be generated 
and/ or an external 
output 
may be 
generated at the corresponding 
port A pinlsl. 
Port A outputs 
PA3 through 
PA7 are used as output 
pins for output 
com- 


pare funcltOns OCI through 
OC5. 


In addition to the five output compare Interrupts, 
the t,mer 
also provides 
for three input capture 
interrupts. 
The timer 
contains three 16-bit latch registers which are used to latch 
the value of the free running counter lin the timer) when an 
input capture edge is applied to the corresponding 
PAO-PA2 
pin. The value of the free running counter is latched Into the 
corresponding 
input 
capture 
register and an internal 
inter- 
rupt may be generated. 
The interrupt 
routine can then read 
the storage register and determine the time at which the in- 
put capture was detected. 


The timer may also provide an interrupt when the free run- 


ning counter changes value from $FFFF to $ססoo loverflow). 


The 16-bit free running counter repeats this change once for 
every 65,536 Inputs from a prescaler cirCUIt. The prescaler is 
programmable 
for 
either 
divide-by-l, 
divide-by-4, 
divlde- 
by-B, 
or 
divide-by-16 
of 
the 
MCU 
E-clock. 
Thus, 
the 
prescaler 
extends 
the 
actual 
range 
of 
the 
free 
running 
counter and the time between timer overflow interrupts from 
216 to 2256 E-clock inputs to the prescaler. 


REAL TIME INTERRUPTS 


The real time interrupt 
is a maskable interrupt 
that occurs 
periodically at a rate of E/213, E/214, E/215, or E/216. 


EXTERNAL INTERRUPTS 


Two external interrupts 
are accessable using the IRQ and 


the XIRQ pins. 
The IRQ interrupt 
is a maskable interrupt 


while the XIRQ interrupt 
is considered a non-maskable 
Inter- 
rupt; 
however, 
the XIRQ interrupt 
is masked during 
reset 


and 
immediately 
following 
receipt 
of 
an XIRQ 
interrupt 
signal. These interrupts 
are controlled 
by the I and X bits in 
the condition 
code register as discussed in CENTRAL PRO- 


CESSING UNIT, 


SOFTWARE 
INTERRUPT (SWI) 


The software 
interrupt 
is executed the same as any other 
Instruction 
and will take precedence over Interrupts 
only if 
the other interrupts are masked (I and X bits in the condition 
code register se1l. The SWI instruction 
is executed similar to 
other 
maskable 
interrupts 
in that 
it sets the 
I bit, 
CPU 
registers are stacked, etc. 


II 


I 


NOTE 


The SWI instruction 
cannot be fetched as long as 


another 
interrupt 
is pending 
execution. 
However, 


once it is fetched no other interrupt can be honored 


until 
the 
first instruction 
in the 
SWI 
service 
routine 
is 


completed. 


SERIAL PERIPHERAL INTERFACE (SPIl INTERRUPT 


A serial peripheral interface ISPI) interrupt is generated 
when a serial data transfer between the MC68HC11A4 and 
an external device has been completed. 
This interrupt 
is 


masked if the condition code register I bit is set. 


SERIAL COMMUNICATIONS 
INTERFACE (SCIl 


INTERRUPT 


A 
serial 
communications 
interface 
1SCIl 
interrupt 
is 


generated if anyone 
of the following occurs in the SCI: 
1. Transmit data register is empty 


2. Transmission of data is complete 


3. Receive data register is full or an overflow occurred in 
the receive data register 
4. Idle line detected by receiver. 


PULSE ACCUMULATOR INTERRUPT 


The pulse accumulator contains an 8-bit counter which is 


program 
controlled 
to 
either 
count 
input 
pulses levent 
countingl at PA7 or to count internal E/64 clocks subject to 
an enable signal at PA7 Igated time accumulationl. 
When 
the counter has an overflow from $FF to $00 a pulse ac- 
cumulator overflow interrupt is generated provided the I bit 
in the condition code register is clear. 


When the input to the pulse accumulator is a gate input at 
PA7 for counting internal E/64 clocks, the trailing edge of 
the gate signal lend of counting cycle) can generate an inter- 
rupt. 
This 
pulse 
accumulator 
input 
edge 
interrupt 
is 
generated provided the I bit in the condition code register is 
clear. 
Refer 
to 
PULSE 
ACCUMULATOR 
for 
more 


information. 


PARALLEL I/O INTERRUPT 


The parallel I/O 
subsystem can generate an interrupt 
which uses the same vector as the IRQ interrupt. The pur- 
pose of sharing the IRQ vector is to allow external emulation 
of 
the 
parallel I/O 
subsystem 
in expanded 
multiplexed 
modes. 


The MC68HC11A4 MCU has four possible types of reset: 


an active low external reset pin IRESET), a power-on reset 
function, 
a computer operating properly ICOPI watchdog 
timer reset, and a clock monitor reset. 


RESET PIN 


The RESET pin is used to reset the MCU to provide an 
orderly software startup procedure. To request an external 
reset, the RESET pin must be held low for eight Ecyc Itwo 
Ecyc if inter·nal resets are not used). 


POWER-ON RESET 


The power-on reset occurs when a positive transition is 


detected on VDD. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in power supply voltage. There is no provision for 
power-down 
reset. If the external RESET pin is low at the 


end of the power-on delay time, the processor remains in the 
reset condition until RESET goes high. 


COMPUTER OPERATING PROPERLY (COP) RESET 


The MC68HCllA4 
MCU contains a watchdog timer which 


will time itself out if not reset within a specific time by a pro- 
gram reset sequence. If for any reason the COP watchdog 
timer is allowed to timeout, it generates an MCU reset which 
is functionally similar to pulling the RESET pin low. 
A control bit, which is implemented in an EEPROM cell of 


the system configuration 
register, is used to enable lor 
disable) the COP reset function. When this bit is clear, the 
COP reset function 
is disabled; if set, the COP reset 
IS 


enabled. 


CLOCK MONITOR RESET 


The MC68HCllA4 
MCU contains a clock monitor circuit 


which measures the E-clock input frequency. If the E clock 
input rate is high enough, then the clock monitor does not 
time out. However, if the E clock signal is lost, or its fre- 
quency falls below 200 kHz, then an MCU reset is generated 
which is functionally similar to pulling the RESET pin low. 


A read-write control 
bit, which 
is implemented 
in the 


system configuration options register, is used to enable lor 
disable) the clock monitor reset. When this bit is clear, the 
clock monitor reset function is disabled; when set, the clock 
monitor reset is enabled. 


The MC68HCllA4 
MCU contains two programmable low- 


power operating modes; stop and wait. In the wait mode, 
the on-chip 
oscillator remains active together with 
other 
functions discussed below. In the stop mode, all clocks in- 
cluding the crystal oscillator are stopped. 


WAI (WAIT) INSTRUCTION 


The WAI instruction places the MC68HCllA4 
MCU in a 


low power consumption Iwait! mode. In the wait mode, the 
internal clock remains active, and the MCU enters one of 
four different variations of the wait mode. These variations, 
which depend upon the I bit in the condition register and 
whether or not the COP circuit is required in the system, in- 
clude: 111only the CPU turned off; (2) CPU and the E clock 
output buffer turned off; (3) CPU and timer system turned 
off; or 141CPU, E output, and timer system all off. 


During the wait mode, the CPU registers are stacked and 
processing 
is 
suspended 
until 
a 
qualified 
interrupt 
is 


detected. The actual qualified interrupt type is dependent 
upon which of the wait mode variations is selected. The 
qualified interruptis) 
required to bring the MCU out of the 


wait mode for each of the wait mode variations is shown 
below. In all cases, reset brings the MCU out of the wait 
mode; however, as in all resets, the system is reset and the 
start of MCU operation is determined by the reset vector. 


Wait 
Mode Variation 
Qualified Interrupt 


Only CPUTurnedOff 
IRO, XIRO,Any Internal 


Interrupt 
CPUand E ClockOutput 
IRO, XIRO,Any Internal 
Buffers Turned Off 
Interrupt 
CPUand Timer System 
IRO, XIRO 
TurnedOff 


CPU, E ClockOutput 
IRO, XIRO 
Buffers, and Timer 
SystemTurnedOff 


STOP INSTRUCTION 


The STOP instruction places the MC68HC11A4 MCU in its 
lowest power consumption 
mode provided the S bit in the 
condition code register is clear. In the stop mode all clocks 
Including the internal oscillator are stopped, causing all inter- 
nal processing to be halted. To exit the stop mode and 
resume normal processing, a low level must be applied to 
one of the external interrupt pins IIRQ or XIRQ) or to the 
RESETpin. If an external interrupt is used at the IRQ input, it 
is only effective if the I bit in the condition code register is 
clear. If an external interrupt is applied at the XIRQ input, the 
MCU exits from the stop mode regardless of the state of the 
X bit in condition code register; however, the actual recovery 
sequence differs depending on the X bit. If the X bit is clear, 
the MCU starts up with the stacking sequence leading to 
normal service of the XIRQ request. If the X bit is set, then 
processing will continue 
with 
the instruction 
immediately 
following 
the STOP instruction and no XIRQ interrupt ser- 


vice routine is requested. As in the wait mode, a low input to 
the RESET pin will always result in an exit from the stop 
mode and the start of MCU operation is determined by the 


reset 
vector. 
Since the oscillator is stopped in the stop mode, a restart 
delay may be required to allow for oscillator stabilization 
when exiting from the stop mode. If the internal oscillator is 
being used, this delay is required; however, if a stable exter- 
nal oscillator is being used, a control bit within the MCU may 
be used Icleared) to bypass the delay. If the delay bypass 
control bit is clear then the RESET pin would not normally be 
used for exiting the stop mode. In this case, the reset se- 
quence sets the delay control bit and the restart delay will be 
imposed. 


The timer system in the MC68HCllA4 
uses a "time-of- 
day" approach in that all timing functions are related to a 
single 16-bit free running counter. The free running counter 
is clocked by the output of a programmable prescaler Idivide- 
by-I, 
4, 8, or 16) which is in turn clocked by the MCU E 
clock. Functions available within the MC68HC11A4 timer in- 
clude: three input capture functions and five output compare 
functions. 


The capabilities of the programmable timer are obtained 
using the following 
registers: 


1 Prescaler Idivide-by-1, 4, 8, or 16) 


2. Free Running Counter (16-bit! 


3. Input Capture (three 16-bit registers) 
4. Output Compare Ifive 16-bit registers) 


5. Main Timer Control and Status Registers 


PRESCALER AND FREE RUNNING COUNTER 


The key element in the timer system is a 16-bit free running 
counter with its associated programmable prescaler Idivide- 
by-1, 4, 8, or 16). The free running counter is clocked by the 
output 
of the prescaler which is in turn clocked by the E 
clock. The free running counter can be read by software at 
any time without 
affecting its value since it is clocked and 
read on opposite half cycles of the MPU E clock. The free 
running counter is cleared to $ססoo during reset and is a 
read-only register (except in the test or bootstrap 
mode 
where this feature is used in factory testingl. 


The 
16-bit free running 
counter 
repeats every 65,536 
counts Iprescaler output! and when the count changes from 
$FFFF to $ססoo a timer overflow flag bit is set. Setting the 
timer overflow flag bit also generates an internal interrupt if 
the overflow interrupt enable bit is set. 


Input Capture Functions 


There are three separate 16-bit read-only input capture 
registers which are not affected 
by reset. Each of these 


registers is used to latch 
the value of the free running 
counter when a selected transition 
at an external pin is 
detected. External devices provide the inputs on the PAO- 
PA2 pins, and an interrupt can be generated when an input 
capture edge is detected. The time of detection can be read 
from the appropriate; ,gister as part of the interrupt routine. 


Output Compare Functions 
There are five separate 16-bit read/write 
output compare 
registers which are initialized to $FFFF at reset. The value 
written into the output compare register is compared to the 
free running counter value during each MCU Eclock cycle. If 
a match is found between the two values, the particular out- 
put compare flag bit is set and an interrupt is generated pro- 
vided that particular interrupt is enabled. 


In addition 
to the interrupt, 
a specified action may be 


initiated at a timer output pinls). For OC1, the output action 
to be taken, when a match is found, is controlled by a 5-bit 
mask register and a 5-bit 
data register. The 5-bit 
mask 
register specifies which timer port outputs are to be affected 
and the 5-bit data register specifies the data to be placed on 
the affected output pins. For OC2 through OC5, one specific 
timer output is affected as controlled by four 2-bit fields in a 
timer control 
register. Specific actions include: 
(Ii 
timer 
disconnect from output pin logic, (2) toggle output compare 
line, 13)clear output compare line to zero, or (4) set output 
compare line to one. 


The pulse accumulator is an 8-bit counter that can operate 
in either of two modes depending on the state of a control 
bit. These include the event counting mode or the gated time 
accumulation mode. 
The pulse accumulator control register contains four bits 
which enable and configure the pulse accumulator system. 
One bit enables the counter. One bit determines whether the 


I 


• 


PA7/PAI 
pin will 
be an input or an output. 
A third bit 


specifies 
the 
event 
counting 
mode 
or 
the 
gated 
time 


accumulation 
mode, and the fourth bit determines which 
edge of the PAl input is the active one. The 8-bit counter 
counts from $00 to $FF and when it overflows from $FF to 
$00 a flag bit is set. This results in a hardware interrupt pro- 
vided the pulse accumulator overflow interrupt enable bit is 
set. 


In the event counting mode, the 8-bit counter is clocked to 
increasing values by an externallPAl1 pin input IPA71. In the 
gated time accumulation mode, the 8-bit counter is clocked 
to increasing values by the MCU Eclock (divided-by-641 pro- 
vided the proper gating signal is applied to an external (PAil 
pin input IPA71. 


The serial communications 
interface 
(SCII 
allows 
the 


MC68HCllA4 
to be efficiently 
interfaced with 
peripheral 
devices that require an asynchronous serial data format. The 
SCI in the MC68HCllA4 
is provided with a standard NRZ 
format with a variety of baud rates. The baud rate is derived 
from the crystal clock circuit and interface with peripheral 
devices is accomplished using port 0 pins. PDOfor receive 
data (RxDI and POl for transmit data ITxDI. 


BAUD RATE GENERATION 


The actual baud rate generation circuit contains a pro- 


grammable prescaler and divider which is clocked by the 
MCU E clock. A programmable baud rate register is used to 
provide the various divide ratios used in the baud rate 
generator prescaler and divider. This scheme of baud rate 
generation allows for selection of many different standard 
baud 
rates, all of 
which 
are controlled 
by the crystal 
oscillator. 


DATA FORMAT 


Receive data IRxDI in or transmit data ITxDI out is the 
serial data which is presented between the input pin IPOOl 
and the internal data bus, and between the internal data bus 
and the output pin IPOll. The data format requires: 


1. An idle line which is in the high state (logic onel prior to 


transmission/ reception of a message. 


2. A start bit !logic zero) which is transmitted/received 
indicating the start of a message. 


3. Data is transmitted 
and received least-significant 
bit 
first. 


4. A stop bit !logic one in the tenth or eleventh bit posi- 


tionl indicates the byte is complete. 


5. A break is defined as the transmission or reception of a 
logic zero for some multiple of the data format. 


The data format word length may consist of either ten or 
eleven bits. Selection of the word length is controlled by a 
single bit in a control register within the SCI. If this control 
bit is clear, the data contains a start bit, eight data bits, and a 
stop bit. If this control bit is set, there is a start bit, nine data 
bits, and a stop bit. 


TRANSMIT OPERATION 


The SCI transmitter includes a parallel data register and a 


serial shift register. This is referred to as a double buffered 
system in that besides the character being shifted out serial- 
ly, another character is already waiting to be loaded into the 
serial shift register. The output of the transmit senal shift- 
register is applied to the TxD output pin IPDll 
as long as a 


transmit enable bit is set. 


RECEIVEOPERATION 


Receive data in (RxDI is serial data which ISpresented to 


the input pin IPDOI. An advanced data recovery scheme is 
used to distinguish valid data from noise in the serial data 
stream. In this manner the data input can be selectively 
sampled to detect receive data and then verify that the data 
is valid. Data is received in a serial shift register and is 
transferred to a parallel register as a complete byte. This IS 
referred to as a double buffered system In that beSides the 
character already in the parallel register, another is being 
shifted in serially. 


WAKE-UP FEATURE 


The wake-up feature allows a receiverlsl to "sleep" until a 


specific action takes place. In a typical multiprocessor con- 
figuration, the software protocol will usually identify the ad- 
dresseelsl at the beginning of a message. This wake-up 
feature 
allows 
uninterested 
MPUs 
to 
ignore 
Incoming 


messages. The MC68HC11A4 SCI permits 
this wake-up 


feature by either of two methods: Idle line wake-up or ad- 
dress mark wake-up. 


In idle line wake-up, all receivers wake up whenever an idle 


line is detected; 
however, 
if a receiver 
does 
not recognize 
its 


address in the first frame of a message it may ignore the rest 
of the message by invoking the wake-up feature. In this 
wake-up method, transmitter software must provide for the 
required idle string between consecutive messages and pre- 


vent 
it from 
occurring 
within 
messages. 


In the address mark wake-up, all serial frames consist of 
seven (or eightl information bits plus a most-significant 
bit 
IMSBI which is used to indicate an address frame if the MSB 
is a logic one. The first frame of each message is an address 
frame which 
wakes up all receivers in the system. 
All 
receivers evaluate this marked address frame to determine 
which receiverlsl the message is intended for. If a receiver 
determines that a message is not intended for It, It Invokes 
the receiver wake-up function so that no additional program 
overhead is required for the rest of the message. 


INTERRUPT FLAGS 


The serial communications 
interface (SCIl generates a 


hardware interrupt 
ISCI interrupti 
whenever anyone 
of 


several flags is set and its corresponding interrupt enable bit 
is also set. These flags which are discussed below Include: 


1 Transmit Data register empty 
2. Transmission complete 


3. Idle line detected 


4. Receive data register full or overrun error detected. 


The transmit data register empty ITDRE) bit is set to in- 
dicate that the transmit parallel data register contents have 
been transferred to the transmit serial shift register. If the 
corresponding interrupt enable bit Itransmit interrupt enablel 
is set then an SCI interrupt is generated. 


The transmission 
complete 
ITC) 
bit 
is set when 
the 
transmitter 
no longer has any meaningful 
information 
to 
transmit; I.e., no data in the serial shifter, no queued pre- 
amble, and no queued break. If the transmitter is enabled 
when TC is set, the serial line will go idle Icontinuous markl. 


The idle line detected (IDLE) bit is set whenever a receiver 
detects a receiver idle line. This could indicate the end of a 
message, the preamble of a new message, or resynchroniza- 
tlon with 
the transmitter. 
If the corresponding 
interrupt 
enable bit lidle line interrupt enable) is set then an SCI inter- 
rupt is generated. 
The receiver data register full IRDRF) bit is set whenever 
the receiver serial shift register contents are transferred to 
the serial communicatio~s data register. If the corresponding 
Interrupt enable bit Ireceive interrupt enable) is set then an 
SCI interrupt is generated. 
The overrun error bit is set to indicate that the next byte is 
ready for transfer from the receive shift register to the receive 
data register but that register is already full IRDRF bit sell. 
Data transfer is then inhibited until the OR (overrun) bit is 
cleared. As with the RDRF bit, an SCI interrupt is generated 
if the corresponding interrupt enable bit is set. 


The 
serial 
peripheral 
interface 
ISPII 
allows 
several 
MC68HC11A4 
MCUs, 
or 
MC68HC11A4 
MCUs 
plus 
peripheral devices, 
to be interconnected 
within 
a single 
"black box", 
on the same printed circuit board. In a serial 
peripheral 
interface, 
the 
MC68HC11A4 
provides 
such 
features as: 


• 
Full Duplex, Two, Three, or Four Wire Synchronous 
Transfers 


• 
Master or Slave Operation 
• 
Interface With Low Cost "Dumb" 
Peripherals 


• 
Interface With Intelligent Peripherals on Masterl 
Slave Basis 


• 
Four Programmable Master Bit Rates 


• 
Programmable Clock Polarity and Phase 


• 
End of Transmission Interrupt Flag 


• 
Write Collision Error Detection 


• 
Master-Master Mode Fault Error Detection 


Four basic signal lines are associated with the SPI system. 
These include a master-out-slave-in IMOSllline; 
a master-in- 
slave-out IMISO} line; a serial clock ISCKI line; and a slave 
select ISS} line. Two master-slave system configurations are 
shown in Figure 5 and the basic signals (MOSI, MISO, SCK, 
and SS) are described below. 


MASTER OUT SLAVE IN (MOSII 


The MOSI pin is configured as a data output in a master 
Imodel device and as a data input In a slave (model device. 


In this manner data is transferred serially from a master to a 
slave on this line; most significant bit first, least significant 
last. 


MASTER IN SLAVE OUT (MISO) 


The MISO pin is configured as an input in a master Imode) 
device and as an output 
in a slave (model device. In this 
manner data is transferred serially from a slave to a master on 
this line; most significant bit first, least significant last. 


SLAVE SELECT (55) 


The slave select (SSI is a fixed input which receives an ac- 
tive low signal that is generated by a master device to enable 
slave devices to accept data. 


SERIAL CLOCK (SCK) 


The serial clock is used to synchronize the movement of 
data both in and out of the device through its MOSI or MISO 
pins. The master and slave devices can exchange a byte of 
information 
during a sequence of eight clock pulses. The 
SCK is generated by the controlling 
master device and 
becomes an input on all slave devices to synchronize slave 
data transfer. 


The MC68HC11A4 contains an B-channel, multiplexed in- 


put, 
successive approximation 
analog-to-digital 
converter 
with sample and hold. Two dedicated pins IVREFL, VREFH) 
are provided for the reference supply voltage input. These 
dedicated pins are used instead of the device power pins to 
increase accuracy of the AID conversion. 


The B-bit AID 
conversions 
of 
the 
MC68HC11A4 are 
accurate to within 
± one LSB (± Y, LSB quantizing error 
and ± Y, LSB non-linearity error!. 
Each conversion is ac- 
complished in 50 MCU E clock cycles or less. An internal 
control bit allows selection of an internal conversion clock 
oscillator which allows the AI D to be used with very low 
MCU clock rates. A typical conversion cycle requires 25 to 50 
microseconds to complete. 


NOTE 


In the 48-pin dual in-line package, four conversion 
channels are not implemented. These include channels 
four through seven. 


Six addressing modes can be used to reference memory; 
they include: 
immediate, 
direct, 
extended, 
indexed Iwith 


either of two 
16-bit index registers and an B-bit offset), 
inherent, and relative. Some instructions 
require an addi- 


tional byte before the opcode to accommodate a multi-page 
opcode map; this byte is called a prebyte. 


The following 
paragraphs provide a description of each 
addressing mode plus a discussion of the prebyte. In these 
descriptions the term effective address is used to indicate the 
address in memory from which the argument IS fetched or 
stored, or from which execution is to proceed. 
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IMMEDIATE ADDRESSING 
In the immediate addressing mode, the actual argument is 
contained in the bytelsl 
immediately following 
the instruc- 
tion where the number of bytes matches the size of the 
register. These are two, three, or four (if prebyte is required) 
byte instructions. 


DIRECT ADDRESSING 
In the direct addressing mode, the least significant byte of 
the operand address is contained in a single byte following 
the opcode and the most significant byte is assumed to be 
$00. Direct addressing allows the user to access addresses 
$סס oothrough $OOFFusing two byte instructions and execu- 
tion time is reduced by eliminating the additional memory ac- 
cess. In most applications, this 256-byte area is reserved for 
frequently referenced data. These are usually two or three (if 
prebyte is requiredl byte instructions. 


EXTENDED ADDRESSING 


In the extended addressing mode, the second and third 
bytes following the opcode contain the absolute address of 
the operand. These are three or four Iif prebyte is requiredl 
byte instructions: one or two for the opcode and two for the 
effective address. 


INDEXED ADDRESSING 


In the indexed addressing mode, one of the index registers 
IX or YI is used in calculating the effective address. In this 
case the effective address is variable and depends on two 
factors: (11the current contents of the index register IX or YI 
being used, and (21the 8-bit unsigned offset contained in the 
instruction. 
This addressing mode allows referencing any 
memory location in the 64K byte address space. These are 
usually two or three (if prebyte is requiredl byte instructions, 
the opcode plus the 8-bit offset. 


INHERENT ADDRESSING 


In the inherent addressing mode, all of the information to 
execute the instruction 
is contained 
in the opcode. 
The 


operands lif anyl are registers and no memory reference is 
required. These are usually one or two byte instructions. 


RELATIVE ADDRESSING 
The relative addressing mode is used for branch instruc- 


tions. If the branch condition is true and contents of the8-bit 
signed byte following the opcode Ithe offset! is added to the 
contents 
of 
the 
program 
counter 
to form 
the effective 
branch address; otherwise, control proceeds to the next in- 
struction. These are usually two byte instructions. 


PREBYTE 
In order to expand lhe number of instructions used in the 
MC68HC11A4, a prebyte Instruction has been added to cer- 
tain 
instructions. 
The 
instructions 
affected 
are 
usually 
associated with 
index register Y. The opcode instructions 
which do not require a prebyte could be considred as page 1 
of the overall opcode map. The remaining opcodes could be 
considered as pages 2, 3, and 4 of the opcode map and 
would require a prebyte; $18 for page 2, $1A for page 3, and 
$CD for page 4. Refer to INSTRUCTION SUMMARY 
for 
more detail. 


The central processing Unit ICPUI in the MC68HC11A4 is 


basically a proper extension of the MC6801 CPU. In addition 
to its ability to execute all M6800 and M6801 instructions, the 
MC68HCllA4 
CPU has a paged operation code lopcodel 


map with a total of 91 new opcodes. Major functional addi- 
tions include a second 16-bit index register IY registeri, two 
types of 16-by-16 divide instructions, 
a STOP instruction, 
and bit manipulation instructions. 
Table 3 shows all MC68HC11A4 instructions in all possible 
addressing modes. For each instruction 
the operand con- 


struction is shown as well as the total number of machine 
code bytes and execution time in CPU E-clock cycles. Notes 
are provided at the end of Table 3 which explain the letters in 
the Operand and Execution Time columns of some instruc- 
tions. 


Addressing 
Machine 
Coding 
Machine 


Mode 
I Hexadecimall 
Code 
Execution 


for 
Bytes 
Time 


Source Form(sl 
Operand 
Opcode 
Operand(s) 
ITotali 
ICycles) 


ABA 
INH 
1B 
1 
2 


ABX 
INH 
3A 
1 
3 


ABY 
INH 
18 
3A 
2 
4 


ADCA 
lopr! 
A 
IMM 
89 
il 
2 
2 


A 
DIA 
99 
dd 
2 
3 


A 
EXT 
B9 
hh 
II 
3 
4 


A 
IND, 
X 
A9 
ff 
2 
4 


A 
IND, 
Y 
18 
A9 
ff 
3 
5 


ADCB 
lopr) 
B 
IMM 
C9 
ii 
2 
2 


B 
DIA 
09 
dd 
2 
3 


B 
EXT 
F9 
hh 
II 
3 
4 


B 
IND, 
X 
E9 
ff 
2 
4 


B 
IND, 
Y 
18 
E9 
ff 
3 
5 


ADDA 
lopr) 
A 
IMM 
8B 
il 
2 
2 


A 
DIA 
9B 
dd 
2 
3 


A 
EXT 
BB 
hh 
II 
3 
4 


A 
IND, 
X 
AB 
ff 
2 
4 


A 
IND, 
Y 
18 
AB 
ff 
3 
5 


ADD810pr) 
8 
IMM 
CB 
II 
2 
2 


B 
DIA 
DB 
dd 
2 
3 


B 
EXT 
FB 
hh 
II 
3 
4 


B 
IND, 
X 
EB 
If 
2 
4 


B 
IND, 
Y 
18 
EB 
ff 
3 
5 


ADDD 
lopr! 
IMM 
C3 
fI 
kk 
3 
4 


DIA 
03 
dd 
2 
5 
EXT 
F3 
hh 
fI 
3 
6 


IND, 
X 
E3 
ff 
2 
6 


IND, 
Y 
18 
E3 
ff 
3 
7 


ANDA 
lopr! 
A 
IMM 
84 
ii 
2 
:i 


A 
DIA 
94 
dd 
2 
3 
A 
EXT 
B4 
hh 
fI 
3 
4 


A 
IND, 
X 
A4 
ff 
2 
4 
A 
IND, 
Y 
18 
A4 
ff 
3 
5 


ANDB 
loprl 
B 
IMM 
C4 
ii 
2 
2 


B 
DIA 
D4 
dd 
2 
3 
B 
EXT 
F4 
hh 
II 
3 
4 


B 
IND, 
X 
E4 
ff 
2 
4 
B 
IND, 
Y 
18 
Ej4 
ff 
3 
5 


ASllopr! 
EXT 
78 
hh 
II 
3 
6 


IND, 
X 
68 
II 
2 
6 


IND, 
Y 
18 
68 
II 
3 
7 


ASlA 
A 
INH 
48 
1 
2 


ASlB 
B 
INH 
58 
1 
2 


ASlD 
INH 
05 
1 
3 


ASA 
loprl 
EXT 
77 
hh 
II 
3 
6 


IND, 
X 
67 
ff 
2 
6 


IND, 
Y 
18 
67 
ff 
3 
7 


ASAA 
A 
INH 
47 
1 
2 


ASAB 
B 
INH 
57 
1 
2 


BCC (refl 
AEl 
24 
rr 
2 
3 


BClA 
(opr!lmsk) 
DIA 
15 
dd 
mm 
3 
6 


IND, 
X 
10 
ff 
mm 
3 
7 


IND, 
Y 
18 
10 
ff 
mm 
4 
8 


BCS (refl 
AEl 
25 
rr 
2 
3 


BEG (rell 
AEl 
27 
rr 
2 
3 


BGE (rell 
AEl 
2C 
rr 
2 
3 


BGT (rell 
AEl 
2E 
rr 
2 
3 


• 


II 


Addressing 
Machine 
Coding 
Machine 


Mode 
I Hexadecimal) 
Code 
Execution 


for 
Bytes 
Time 


Source Form(s) 
Operand 
Opcode 
Operandls) 
(Totall 
ICyciesl 


8Hllrell 
AEL 
22 
rr 
2 
3 


8HS 
Irell 
AEL 
24 
rr 
2 
3 


81TA loprl 
A 
IMM 
85 
ii 
2 
2 


A 
DIA 
95 
dd 
2 
3 
A 
EXT 
85 
hh 
II 
3 
4 


A 
IND, 
X 
A5 
ff 
2 
4 


A 
IND, 
Y 
18 
A5 
ff 
3 
5 


81T8 (opr) 
8 
IMM 
C5 
ii 
2 
2 


8 
DIA 
05 
dd 
2 
3 


8 
EXT 
F5 
hh 
II 
3 
4 


8 
IND, 
X 
E5 
ff 
2 
4 


8 
IND, 
Y 
18 
E5 
ff 
3 
5 


8LE Irell 
AEL 
2F 
rr 
2 
3 


8LO Irell 
AEL 
25 
rr 
2 
3 


8LS 
Irell 
AEL 
23 
rr 
2 
3 


8LT 
Irell 
AEL 
20 
rr 
2 
3 


8Mllrell 
AEL 
28 
rr 
2 
3 


8NE Irell 
AEL 
26 
rr 
2 
3 


8PL 
Irell 
AEL 
2A 
rr 
2 
3 


8AA 
(rell 
AEL 
20 
rr 
2 
3 


8AN 
Irell 
AEL 
21 
rr 
2 
3 


8ACLA 
lopr) 
DIA 
13 
dd 
mm 
rr 
4 
6 
Imsk) 
IND, 
X 
1F 
ff 
mm 
rr 
4 
7 


Irell 
IND, 
Y 
18 
1F 
ff 
mm 
rr 
5 
8 


8ASET 
lopr) 
DIA 
12 
dd 
mm 
rr 
4 
6 
Imskl 
IND, 
X 
lE 
ff 
mm 
rr 
4 
7 
(rell 
IND, 
Y 
18 
1E 
ff 
mm 
rr 
5 
8 


8SET 
loprl 
Imsk) 
DIA 
14 
dd 
mm 
3 
6 


IND, 
X 
1C 
ff 
mm 
3 
7 


IND, 
Y 
18 
1C 
ff 
mm 
4 
8 


8SA 
Irell 
AEL 
80 
rr 
2 
6 


8VC 
Irell 
AEL 
28 
rr 
2 
3 


8VS 
Irell 
AEL 
29 
rr 
2 
3 


C8A 
INH 
11 
1 
2 


CLC 
INH 
OC 
1 
2 


CLI 
INH 
OE 
1 
2 


CLA lopr) 
EXT 
7F 
hh 
II 
3 
6 
IND, 
X 
6F 
ff 
2 
6 


IND, 
Y 
18 
6F 
ff 
3 
7 


CLAA 
A 
INH 
4F 
1 
2 


CLA8 
8 
INH 
5F 
1 
2 


CLV 
INH 
OA 
1 
2 


CMPA 
loprl 
A 
IMM 
81 
" 


2 
2 
A 
DIA 
91 
dd 
2 
3 
A 
EXT 
81 
hh 
II 
3 
4 
A 
IND, 
X 
A1 
II 
2 
4 
A 
IND, 
Y 
18 
A1 
ff 
3 
5 


CMP810pr) 
8 
IMM 
C1 
" 


2 
2 


8 
DIA 
01 
dd 
2 
3 
8 
EXT 
F1 
hh 
II 
3 
4 


8 
INO, X 
E1 
ff 
2 
4 
8 
INO, Y 
18 
E1 
If 
3 
5 


Addressing 
Machine 
Coding 
Machine 


Mode 
(Hexadecimal) 
Code 
Execution 
for 
Bytes 
Time 
Source Form(s) 
Operand 
Opcode 
Operandls) 
ITotal) 
ICycles) 


COM loprl 
EXT 
73 
hh 
II 
3 
6 


IND, 
X 
63 
ff 
2 
6 


IND, 
Y 
18 
63 
If 
3 
7 


COMA 
A 
INH 
43 
1 
2 


COMB 
B 
INH 
53 
1 
2 


CPO lopr! 
IMM 
1A 
83 
ji 
kk 
4 
5 


DIR 
1A 
93 
dd 
3 
6 


EXT 
1A 
B3 
hh 
II 
4 
7 


IND, 
X 
1A 
A3 
If 
3 
7 


IND, 
Y 
CD 
A3 
If 
3 
7 


CPX loprl 
IMM 
8C 
II 
kk 
3 
4 


DIR 
9C 
dd 
2 
5 
EXT 
BC 
hh 
II 
3 
6 
IND. 
X 
AC 
If 
2 
6 
IND, 
Y 
CD 
AC 
If 
3 
7 


CPY lopr! 
IMM 
18 
8C 
jj 
kk 
4 
5 
DIR 
18 
9C 
dd 
3 
6 
EXT 
18 
BC 
hh 
II 
4 
7 


IND. 
X 
1A 
AC 
If 
3 
7 


IND. 
Y 
18 
AC 
If 
3 
7 


DAA 
INH 
19 
1 
2 


DEC lopr) 
EXT 
7A 
hh 
II 
3 
6 
IND. 
X 
6A. 
If 
2 
6 
IND, 
Y 
18 
6A 
ff 
3 
7 


DECA 
A 
INH 
4A 
1 
2 


DECB 
B 
INH 
5A 
1 
2 


DES 
INH 
34 
1 
3 


DEX 
INH 
09 
1 
3 


DEY 
INH 
18 
09 
2 
4 


EORA lopr) 
A 
IMM 
88 
" 
2 
2 
A 
DIR 
98 
dd 
2 
3 
A 
EXT 
B8 
hh 
II 
3 
4 
A 
IND, 
X 
A8 
If 
2 
4 
A 
IND. 
Y 
18 
A8 
If 
3 
5 


EORB lopr) 
B 
IMM 
C8 
ii 
2 
2 
B 
DIR 
08 
dd 
2 
3 
B 
EXT 
F8 
hh 
II 
3 
4 
B 
IND, 
X 
E8 
If 
2 
4 
B 
IND, 
Y 
18 
E8 
If 
3 
5 


FDIV 
INH 
03 
1 
41 


IDIV 
INH 
02 
1 
41 


INC lopr) 
EXT 
7C 
hh 
II 
3 
6 


IND, 
X 
6C 
If 
2 
6 


IND, 
Y 
18 
6C 
ff 
3 
7 


INCA 
A 
INH 
4C 
1 
2 


INCB 
B 
INH 
5C 
1 
2 


INS 
INH 
31 
1 
3 


INX 
INH 
08 
1 
3 


INY 
INH 
18 
08 
2 
4 


JMP 
loprl 
EXT 
7E 
hh 
II 
3 
3 


IND, 
X 
6E 
If 
2 
3 


IND, 
Y 
18 
6E 
ff 
3 
4 


JSR lopr) 
DIR 
90 
dd 
2 
5 


EXT 
BD 
hh 
II 
3 
6 


IND, 
X 
AD 
ff 
2 
6 


IND, 
Y 
18 
AD 
ff 
3 
7 


• 


• 


Addressing 
Machine 
Coding 
Machine 
Mode 
I Hexadecimal) 
Code 
Execution 
for 
Bytes 
Time 


Source Form(s) 
Operand 
Opcode 
Operandls) 
ITotal) 
ICycles} 


LDAA 
lop,} 
A 
IMM 
B6 
ii 
2 
2 
A 
DIR 
96 
dd 
2 
3 


A 
EXT 
B6 
hh 
II 
3 
4 
A 
IND, 
X 
A6 
If 
2 
4 
A 
IND, 
Y 
18 
A6 
If 
3 
5 


LDAB 
lop,l 
B 
IMM 
C6 
ii 
2 
2 
B 
DIR 
D6 
dd 
2 
3 


B 
EXT 
F6 
hh 
II 
3 
4 
B 
IND, 
X 
E6 
If 
2 
4 
B 
IND, 
Y 
18 
E6 
ff 
3 
5 


LDD lop,) 
IMM 
CC 
ij 
kk 
3 
3 


DIR 
DC 
dd 
2 
4 


EXT 
FC 
hh 
II 
3 
5 


IND, 
X 
EC 
If 
2 
5 
IND, 
Y 
18 
EC 
If 
3 
6 


LDS lop,} 
IMM 
8E 
jj 
kk 
3 
3 
DIR 
9E 
dd 
2 
4 


EXT 
BE 
hh 
II 
3 
5 


IND, 
X 
AE 
If 
2 
5 
IND, 
Y 
18 
AE 
If 
3 
6 


LDX lop,l 
IMM 
CE 
ij 
kk 
3 
3 
DIR 
DE 
dd 
2 
4 
EXT 
F~ 
hh 
II 
3 
5 


IND, 
X 
EE 
If 
2 
5 


IND, 
Y 
CD 
EE 
If 
3 
6 


LDY lop,l 
IMM 
18 
CE 
i, 
kk 
4 
4 
DIR 
18 
DE 
dd 
3 
5 
EXT 
18 
FE 
hh 
II 
4 
6 
IND, 
X 
1A 
EE 
ff 
3 
6 
IND, 
Y 
18 
EE 
If 
3 
6 


LSL lop,l 
EXT 
78 
hh 
II 
3 
6 


IND, 
X 
68 
If 
2 
6 
IND, 
Y 
1B 
68 
ff 
3 
7 


LSLA 
A 
INH 
48 
1 
2 


LSLB 
B 
INH 
58 
1 
2 


LSLD 
INH 
05 
1 
3 


LSR lop,l 
EXT 
74 
hh 
II 
3 
6 
IND, 
X 
64 
ff 
2 
6 
IND, 
Y 
18 
64 
ff 
3 
7 


LSRA 
A 
INH 
44 
1 
2 


LSRB 
B 
INH 
54 
1 
2 


LSRD 
INH 
04 
1 
3 


MUL 
INH 
3D 
1 
10 


NEG loprJ 
EXT 
70 
hh 
II 
3 
6 


IND, 
X 
60 
If 
2 
6 
IND, 
Y 
18 
60 
ff 
3 
7 


NEGA 
A 
INH 
40 
1 
2 


NEGB 
B 
INH 
60 
1 
2 


NOP 
INH 
01 
1 
2 


ORAA 
loprJ 
A 
IMM 
8A 
ji 
2 
2 
A 
DIR 
9A 
dd 
2 
3 


A 
EXT 
BA 
hh 
II 
3 
4 
A 
IND, 
X 
AA 
ff 
2 
4 


A 
IND, 
Y 
18 
AA 
If 
3 
5 


ORA81op,I 
B 
IMM 
CA 
ii 
2 
2 
B 
DIR 
DA 
dd 
2 
3 
B 
EXT 
FA 
hh 
II 
3 
4 
B 
IND, 
X 
EA 
If 
2 
4 


B 
IND, 
Y 
18 
EA 
If 
3 
5 


Addressing 
Machine 
Coding 
Machine 


Mode 
(Hexadecimal) 
Code 
Execution 


for 
Bytes 
Time 


Source Form(s) 
Operand 
Opcode 
Operand(sl 
(Totall 
(Cycles) 


PSHA 
A 
INH 
36 
1 
3 


PSHB 
B 
INH 
37 
1 
3 


PSHX 
INH 
3C 
1 
4 


PSHY 
INH 
18 
3C 
2 
5 


PULA 
A 
INH 
32 
1 
4 


PULB 
B 
INH 
33 
1 
4 


PULX 
INH 
36 
1 
5 


PULY 
INH 
18 
38 
2 
6 


ROL loprl 
EXT 
79 
hh 
II 
3 
6 
IND, 
X 
69 
ff 
2 
6 
IND, 
Y 
18 
69 
ff 
3 
7 


ROLA 
A 
INH 
49 
1 
2 


ROLB 
B 
INH 
59 
1 
2 


ROR lopr) 
EXT 
76 
hh 
II 
3 
6 
IND, 
X 
66 
ff 
2 
6 
IND, 
Y 
18 
66 
ff 
3 
7 


RORA 
A 
INH 
46 
1 
2 


RORB 
B 
INH 
56 
1 
2 


RTI 
INH 
3B 
1 
12 


RTS 
INH 
39 
1 
5 


SBA 
INH 
10 
1 
2 


SBCA 
loprl 
A 
IMM 
82 
ii 
2 
2 
A 
DIR 
92 
dd 
2 
3 
A 
EXT 
B2 
hh 
II 
3 
4 
A 
IND, 
X 
A2 
ff 
2 
4 
A 
IND, 
Y 
18 
A2 
ff 
3 
5 


SBCB 
loprl 
B 
IMM 
C2 
" 
2 
2 
B 
DIR 
02 
dd 
2 
3 
B 
EXT 
F2 
hh 
II 
3 
4 
B 
IND, 
X 
E2 
ff 
2 
4 
B 
IND, 
Y 
18 
E2 
ff 
3 
5 


SEC 
INH 
00 
1 
2 


SEI 
INH 
OF 
1 
2 


SEV 
INH 
08 
1 
2 


STAA 
loprl 
A 
DIR 
97 
dd 
2 
3 
A 
EXT 
B7 
hh 
II 
3 
4 


A 
IND, 
X 
A7 
II 
2 
4 


A 
IND, 
Y 
18 
A7 
If 
3 
5 


STAB 
(opr) 
B 
DIR 
07 
dd 
2 
3 
B 
EXT 
F7 
hh 
II 
3 
4 
B 
IND, X 
E7 
ff 
2 
4 
B 
IND, 
Y 
18 
E7 
ff 
3 
5 


STD loprl 
DIR 
DO 
dd 
2 
4 
EXT 
FD 
hh 
II 
3 
5 


IND, 
X 
ED 
II 
2 
5 
IND, 
Y 
18 
ED 
II 
3 
6 


• 


II 


Addressing 
Machine Coding 
Machine 


Mode 
(Hexadecimal) 
Code 
Execution 
for 
Bytes 
Time 
Source Form(s) 
Operand 
Opcode 
Operandls) 
(Total) 
(CyclesJ 


STOP 
INH 
CF 
1 
2 


STS loprl 
DIR 
9F 
dd 
2 
4 
EXT 
BF 
hh 
II 
3 
5 


IND, 
X 
AF 
II 
2 
5 


IND, 
Y 
18 
AF 
II 
3 
6 


STX loprl 
DIR 
DF 
dd 
2 
4 
EXT 
FF 
hh 
II 
3 
5 


IND, 
X 
EF 
ff 
2 
5 
IND, 
Y 
CD 
EF 
ff 
3 
6 


STY lopr! 
DIR 
18 
DF 
dd 
3 
5 


EXT 
18 
FF 
hh 
II 
4 
6 


IND, 
X 
1A 
EF 
If 
3 
6 
IND, 
Y 
18 
EF 
ff 
3 
6 


SUBA 
10prJ 
A 
IMM 
80 
ii 
2 
2 
A 
DIR 
90 
dd 
2 
3 
A 
EXT 
80 
hh 
II 
3 
4 
A 
IND, 
X 
AO 
ff 
2 
4 


A 
IND, 
Y 
18 
AO 
ff 
3 
5 


SUBB 
10prJ 
B 
IMM 
CO 
il 
2 
2 


B 
DIR 
DO 
dd 
2 
3 


B 
EXT 
FO 
hh 
II 
3 
4 


B 
IND, 
X 
EO 
If 
2 
4 
B 
IND, 
Y 
18 
EO 
If 
3 
5 


SUBD 
lopr! 
IMM 
83 
II 
kk 
3 
4 
DIR 
93 
dd 
2 
5 


EXT 
B3 
hh 
II 
3 
6 


IND, 
X 
A3 
ff 
2 
6 
IND, 
Y 
18 
A3 
ff 
3 
7 


SWI 
INH 
3F 
1 
14 


TA8 
INH 
16 
1 
2 


TAP 
INH 
06 
1 
2 


TBA 
INH 
17 
1 
2 


TEST 
INH 
00 
1 
. 


TPA 
INH 
07 
1 
2 


TST lopr! 
EXT 
7D 
hh 
II 
3 
6 
IND, 
X 
6D 
If 
2 
6 
IND, 
Y 
18 
6D 
If 
3 
7 


TSTA 
A 
INH 
4D 
1 
2 


TSTB 
B 
INH 
5D 
1 
2 


TSX 
INH 
30 
1 
3 


TSY 
INH 
18 
30 
2 
4 


TXS 
INH 
35 
1 
3 


TYS 
INH 
18 
35 
2 
4 


WAI 
INH 
3E 
2 
14 + n* * 


XGDX 
INH 
8F 
1 
3 


XGDY 
INH 
18 
8F 
2 
4 


* -infinity or until reset occurs 


* * -12 cycles are used beginning with the ope ode fetch. A wait state is entered which remains 
in ef- 


fect for an integer number of MPU 
E-c1ock cycles (n) until an interrupt 
is recognized. 
Fmally 


two additional cycles are used to fetch the approprJate interrupt vector 
dd ~ 8-bit 
direct 
address 
I$OOOO-$OOFFJIhigh 
byte assumed 
to be $001 
II = 8-blt 
positive 
olfset 
$00 (OJ to $FF 12551 liS added 
to index 1 


hh == high order byte of 16~bitextended address 


ii == one byte of immediate 
data 


jj 
== high order byte of 16-bit Immediate data 
kk 
== low order byte of 16-bit immediate 
data 
II == low order byte of 16-bit extended address 
mm 
== 
l-byte 
bit mask (set bits to be affected) 
rr = signed relative offset $80 (- 
128l to $7F (+ 1271 (offset relative to the address following 
the machine code offset by tel 
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MC68HCllA8 
Technical 
Summary 


8-BIT HCMOS MICROCOMPUTER 


The HCMOS MC68HCllA8 
is an advanced microcomputer 
(MCU) 
containing 
highly sophisticated on-chip peripheral functions. 
An im- 
proved instruction set provides additional capability while maintaining 
compatibility 
with the other members of the M6801 Family. The fully 
static design allows operation at frequencies down to dc, further reduc- 
ing its already low power consumption. 
Features include: 


• 
3 V to 5.5 V Operation 


• 
Power Saving STOP and WAIT Modes 


• 
8K 8ytes of ROM 


• 
512 Bytes of EEPROM 


• 
256 Bytes of Static RAM IAII Saved During Standby) 


• 
Enhanced 16-Bit Timer System 
Four Stage Programmable Prescaler 
Three Input Capture Functions 
Five Output Compare Functions 


• 
A Real Time Interrupt Circuit 


• 
An 8-Bit Pulse Accumulator 
Circuit 


• 
An Enhanced Non-Return-to-Zero 
Serial Communications 
Inter- 
face ISCI) 


• 
A New Serial Peripheral Interface ISPI) 


• 
Eight Channel 8-Bit AI D Converter 
• 
A Computer Operating Properly ICOP) Watchdog 
System 


• 
Multilevel Interrupt Priorities (21) 


HCMOS 


(HIGH-DENSITY 
HIGH-PERFORMANCE 
SILICON 
GATE) 


~"" 
PLASTIC 
PACKAGE 


CASE 
767• 


FN SUFFIX 


PLASTIC 
PACKAGE 


Not Bonded 
On 48-Pin 
Versions 


• 


• 


GENERAL 
DESCRIPTION 


The MC68HC11A8 is a single-chip microcomputer (MCUI 
that utilizes HCMOS technology to provide the low-power 
characteristics and high noise immunity of CMOS plus the 
high-speed operation of HMOS. On-chip memory systems 
include an 8K byte ROM, 512 bytes of electrically erasable 
programmable 
ROM (EEPROMI, and 256 bytes of static 
RAM. The MC68HC11A8 MCU also provides highly sophis- 
ticated, on-chip peripheral functions including: an 8-channel 
8-bit analog-to-digital converter, a serial communications in- 
terface (SCII subsystem, and a serial peripheral interface 
(SPII subsystem. 


New design techniques are used to provide 2 MHz nominal 
bus rate. The timer system is expanded to achieve three 
input capture lines, five output compare lines, and a real time 
interrupt 
circuit. 
This gives the MC68HC11A8 one of the 
most comprehensive timer systems found on a single-chip 
microcomputer. Other features of the MC68HC11A8 include: 
a pulse accumulator which can be used to count external 
events (event counting mode) or measure an external period 
(input gates accumulation of internal clock - E/64); a com- 
puter operating 
properly 
ICOPI watchdog 
system which 
helps ensure software 
integrity; 
a programmable 
clock 


monitor 
system 
which 
causes 
generation 
of a system 
reset in 
case the clock is lost or running too slow; and an illegal op- 
code detection circuit which provides a non-maskable inter- 
rupt if an illegal opcode fetch is detected. 


OPERATING 
MODES 


The MC68HC11A8 MCU uses two dedicated pins (MODA 
and MODB) to select one of two basic operating modes or 
one of two special operating modes. The basic operating 
modes are single-chip (mode 01 and expanded multiplexed 
(mode 11,and the special operating modes are bootstrap and 
special test. The levels required on the MODA and MODB 
pins for mode selection are discussed in FUNCTIONAL PIN 
DESCRIPTION. The characteristics of the operating modes 
are discussed below. 


SINGLE-CHIP MODE (MODE 01 


In the single-chip mode, the MCU functions 
as a self- 
contained microcomputer 
and has no external address or 
data bus. In this mode, the MCU provides maximum use of 
its pins for on-chip peripheral functions, and all address and 
data activity occurs within the MCU. As discussed in FUNC- 
TIONAL 
PIN 
DESCRIPTION, 
when 
MODA=O 
and 


MODB = VDD the single-chip mode is selected during reset. 


EXPANDED MULTIPLEXED MODE (MODE 1) 


In this mode, two I/O ports plus two additional I/O lines 
become address, data, and control (AS and R/W) to allow 
the MCU to address up to 64K bytes of address space. High 
order address bits are output on the port B pins. Low order 
address bits and the data bus are time multiplexed on the 
eight port C pins. Port D bit 6 becomes the address strobe 
(AS) control output which is used in demultiplexing the low 
order address from the data at port C. The R/W control pin 
(port 
D, bit 71 is used to control 
the direction 
of data 
transfers on the port C bus. Refer to FUNCTIONAL PIN 
DESCRIPTION and INPUT/OUTPUT 
PORTS for additional 
information 
regarding address strobe, read/write, 
port B, 
and port C. 


BOOTSTRAP MODE 


The bootstrap 
mode is considered a special mode as 


distinguished from the normal operating single-chip mode. 
In the bootstrap mode, all vectors are fetched from the 192 
byte on-chip boot loader ROM. This is a very versati.lemode 
since there are essentially no limitations on the special pur- 
pose program that is boot loaded into the internal RAM. This 
program may then be used for such functions as test and 
diagnostics on completed modules and for programming the 
on-chip EEPROM. The boot loader is contained in 192bytes 
of 
ROM which 
is enabled as internal memory space at 


$BF80-$BFFF. The boot loader contains a small program 
which 
reads 
a 
256 byte 
program 
into 
on-chip 
RAM 
($OOOO-$OOFF). 
After 
the character for address $OOFFis 


received, control is automatically passed to that program at 
memory address $סס oo and the MCU operates as in the 
single-chip mode. 
In the bootstrap mode, the serial receive logic is initialized 


by software in the boot loader ROM. This allows the pro- 
gram control of the serial communications 
interface (SCII 


baud and word format. 


During 
initialization 
of 
the special bootstrap 
mode, 
a 
special control bit is configured to permit access to a number 
of special test control bits that allow for self testing of the 
MCU in the bootstrap mode. Also, since the mode control 
bits can be written to, the operating mode of the MCU may 
be changed from the special bootstrap mode (which is a 
single-chip mode by default) to expanded multiplexed mode 
under program control. 


TEST MODE 


The test mode is considered a special mode as dis- 


tinguished from the normal operating expanded multiplexed 
mode; however, it is considered as operating in the ex- 
panded multiplexed mode since external memory may be 
addressed. The reset vector is fetched from external memory 
space $BFFE-$BFFF;therefore, program control may be vec- 
tored to an external test program. 


The test mode is primarily intended as the main production 
test mode at the time of manufacture; however, it may also 
be used to program calibration or personality data into the in- 
ternal EEPROM (electrically erasable programmable 
read- 


only memory) of the MC68HC11A8. During initialization of 
the test mode, a special control bit is configured to permit 
access to a number of special test control bits. Also, since 
the mode control bits can be written to in the test mode, the 
operating mode of the MCU may be changed from the 
special test mode (which is an expanded multiplexed mode 
by default) to the single-chip mode under program control. 


HCMOS EEPROM 


Included on-chip are 512 bytes of EEPROM for applica- 
tions requiring non-volatile 
storage of calibration or per- 
sonality information. Program/erase controls are located in a 
control register which allow data modification 
through the 
user's software. Program execution is also possible out of 
this 
EEPROM memory, 
allowing 
for 
additional 
program 
space. 
The EEPROM uses the 5-volt VCC supply for program- 
ming and provides byte, row, and bulk erase modes. 


Composite memory maps for each MC68HCllA8 
mode of 
operation 
are shown 
in 
Figure 
2. 
These modes 
include 
single-chip, 
expanded multiplexed, 
special boot, and special 
test. Reference should also be made to Table 1 which shows 
the 
register 
and 
control 
bit 
assignments 
for 
the 
MC68HCllA8. 
In 
the 
single-chip 
mode 
(mode 
OJ of 
Figure 
2, 
the 
MC68HCllA8 
does not generate external addresses. The ac- 
tual internal memory locations are shown in the shaded areas 
of 
Figure 2 and the contents 
of these shaded areas are 
shown 
on 
the 
right 
side 
of 
the 
diagram. 
For example: 


memory 
locations 
$ססoo through 
$OOFF contain 
the 
256 
bytes allocated 
to RAM; 
memory 
locations 
$1()()()through 
$103F are allocated 
for a 54-byte 
register 
block; 
memory 
locations 
$8600 through 
$B7FF are allocated for a 512-byte 
EEPROM; and memory locations 
$E()()()through 
$FFFF are 
allocated 
for 8K bytes of ROM (memory 
locations 
$FFCO 
through 
$FFFF are reserved 
for 
the 
interrupt 
and 
reset 
vectors). 


The expanded multiplexed 
mode (mode 11 memory loca- 
tions shown 
in Figure 2 are basically the same as for the 
single-chip 
mode; however, 
the memory locations 
between 
the shaded areas (designated 
EXTJ are for externally 
ad- 
dressed memory and I/O. 
The special bootstrap 
mode memory locations are similar 
to the single-chip 
memory 
locations, 
except that a special 
bootstrap 
program is addressed at memory locations $BF40 
through 
$BFFF. The special bootstrap 
program controls the 
process of boot loading a 256-byte program through 
a serial 
port into internal RAM. 


The special test mode memory locations are similar to the 
expanded multiplex mode, except the interrupt vectors are at 
external memory locations. 


CENTRAL 
PROCESSING 
UNIT 


The central processing unit (CPUJ of the MC68HC11A8 is 
a considerable extension of the MC6801 CPU. In addition to 
being able to execute all MC6800 and MC6801 instructions, 
the MC68HC11A8 uses a four-page opcode map to allow ex- 
ecution of 91 new opcodes. 
As in the MC6801, the CPU of 
the MC68HC11A8 
is implemented 
independently 
from 
the 
I/O, 
memory, 
or on-chip 
peripheral configurations. 
Conse- 
quently, 
this CPU can be treated 
as an independent 
pro- 
cessor communicating 
with these internal subsystems when 
operating 
in the 
single-chip 
mode. 
However, 
when 
the 
MC68HCllA8 
is operating 
in 
the 
expanded 
multiplexed 
mode, 
it is capable 
of 
addressing 
external 
memory 
and 
peripherals 
in addition 
to communicating 
with 
the on-chip 
subsystems. 
The MC68HCllA8 
CPU has seven registers available to 


the programmers 
as shown in Figure 3. The interrupt 
stack- 


ing order 
is shown 
in Figure 4. The seven registers 
are 
discussed below. 


ACCUMULATOR 
A AND B 


Accumulator 
A and accumulator 
B are general purpose 
8-bit 
registers 
used 
to 
hold 
operands 
and 
results 
of 
arithmetic 
calculations 
or data 
manipulations. 
As 
in the 
MC6801 , these two accumulators 
can be concatenated 
into 
a single double-byte 
accumulator 
called the D accumulator. 


$1000- 


$2000- 


$FFFF- Single 
Expanded Special 
Chip 
MUX 
Boot 
(Mode Q) (Mode 11 


---- 
Iססoo1256 Byte RAM 


~()()FF 
""""'- I1000164 Byte Register Block ISee Table 11 


~ 
103F 


-./ 
IB5OO1512Byte EEPROM 


____ 
B7FF 


~~:'1~ROM 
- 
BFFF- 
---- 


~ 
D0008KROM 


_ 
-./ 
IFFC0I'Normali 


FFFF 
FFFF 
Interrupt Vectors 


IBFcorspecial 
Modesl 


BFFF 
Interrupt Vectors 


NOTES: 
1. Either or both the internal RAM and registers can be remapped to any 4K boundary by software. 
2. Either or both the ROM and EEPROM 
can be disabled using a control register (CONFIG) 
which is implemented 
with EEPROM 
cells. 


• 


TABLE 
1 - 
REGISTER 
AND 
CONTROL 
BIT ASSIGNMENTS 


Bit 7 
6 
4 
3 
2 
1 
Bit 0 


$iOOO 
Bit 7 I 
- 
I 
- 
I 
I 
- 
I 
Bit 0 I 
PORTA 
1/0 
Port A 


$i001 
I 
I 
I 
I 
Reserved 


$i002 
STAF 
STAI 
CWOM 
HNDSI 
OIN I 
PLS 
EGA I 
INVB 
PIOC 
Parallel 
110 Control 
Register 


$i003 
Bit 7 
I 
- 
- I 
Bit 0 
PORTC 
1/0 
Port C 


$iOO4 
Bit 7 
I 
Bit 0 
PORTB 
1/0 
Port B 


$i005 
Bit 7 
I - 
Bit 0 
PORTCL 
Alternate 
Latched Port C 


$iOOO 
Reserved 


$i007 
Bit 7 
Bit 0 
DDRC 
Data Direction for Port C 


$iOO8 
Bit 5 
Bit 0 
PORTO 
1/0 
Port 0 


$iOO8 
Bit 5 
~ 
DDRD 
Data Direction 
for Port 0 
• 


$iOOA 
Bit 7 I 
Bit 0 I 
PORTE 
Input Port E 


$iOOB 
FOCt 
I 
FOC2 
FOC3 
FOC41 
FOC5 
CFORC 
Compare 
Force Register 


$iOOC IOC1M71 OC1M6IOC1M510C1M4!OC1M3 
OC1M 
OCl 
Action 
Mask Register 


$iOOD 
IOC107 
OC106 
OC105 
OC104 
OC103 
OClO 
OC, 
Action 
Data Register 


$iOOE 


{' 


Bit 15 
Bit 8 
} 
TCNT 
Timer Counter 
Register 


$iOOF 
I 
Bit 7 
Bit 0 


$iOl0 {I Bit 15 
BltB I} 
TIC1 
Input Capture 
1 Register 


$i011 
I Bit 7 
Bit 0 
I 


$i012 {I Bit 15 
Bit 8 I} 
TIC2 
Input Capture 2 Register 


$i013 
I 
Bit 7 
8.t 0 I 


$i014 
{I 
Bit 15 
Bit 8 I} 


TIC3 
Input Capture 3 Register 


$i015 
I Bit 7 I - 
Bit 0 I 


$i016 


~ 
Bit 15 : 
- 


: 


- 


: 


- 


: 


- 


: 


- 


: 


Bit 8 


:} 


TOC1 
Output 
Compare 
1 Register 


$i017 
Bit 7 
Bit 0 


$i018 
{I 
Bit 15 
Bit 8 I} 


TOC2 
Output 
Compare 2 Register 


$i019 
I 
Bit 7 
Bit 0 I 


$i01A 


{' 
Bit 15 
8it 8 


I} 


TOC3 
Output 
Compare 3 Register 


$i01B 
I 81t 7 
Bit 0 I 


$i01C 


~ B~:t~: 


- 


: 


- 


: 


- 


: 


- 


: 


- 


: 


- 


: Bit 8 
'} 
TOC4 
Output 
Compare 4 Register 


$iOlO 
Bit 0 I 


$i01E 
{' 
Bit 15 I 
I - 
I 
- 
I - 
I Bit 8 


'} 


TOC5 
Output 
Compare 5 Register 


$i01 F I Bit 7 
I 
I - 
I - 
I - 
I Bit 0 I 


Bit 7 
6 
4 
Bit 0 


Bit 7 
6 
4 
Bit 0 


S.020 
OM2 
OL2 
OM3 
OL3 
OM4 
OL4 
OM5 
OL5 
TCTL1 
Timer Control Register 1 


S,021 
EOG1B JEOG1A 
EOG2B 
EOG2A 
EOG3B 
EOG3A 
TCTL2 
Timer Control Register 2 


S,022 
OCll 
OC21 
OC31 
OC41 
OC51 
ICli 
IC21 
IC31 
TMSKl 
Main Timer Interrupt 
Mask Register 1 


Si023 
OC1F 
OC2F 
OC3F 
OC4F 
OC5F 
IC1F 
IC2F 
IC3F 
TFLGl 
Main Timer Interrupt 
Flag Register 1 


Si024 
TOI 
I Rlil 
PAOVI 
PAil 
PRl 
PRO 
TMSK2 
Mise Timer Interrupt 
Mask Register 2 


Si025 
TOF 
RT1F 
PAOVF 
PAIF 
TFLG2 
Mise Timer Interrupt 
Flag Register 2 


S.026 
DDRA7 
PAEN 
PAMOD 
PEOGE 
RTRl 
RTRO 
PACTL 
Pulse Accumulator 
Control Register 


Si027 
Bit 7 
Bit 0 
PACNT 
Pulse Accumulator 
Count Register 


S.028 
SPIE 
SPE 
DWOM 
MSTR I CPOL 
CPHA 
SPRl 
SPRO 
SPCR 
SPI Control 
Register 


Si029 
SPIF 
IWCOL 
MODF I 
SPSR 
SPI Status 
Register 


Si02A 
Bit 7 
Bit 0 
SPDR 
SPI Data InlOut 


S.02B 
TCLR 
SCPl 
SCPO I RCKB 
SCR2 
SCRl 
SCRO 
BAUD 
SCI 8aud 
Rate Control 


Si02C 
R8 
T8 
M 
WAKE 
SCCRl 
SCI Control 
Register 
1 


Si02D 
TIE 
TCIE 
RIE 
IliE 
TE 
RE 
RWU 
SBK 
SCCR2 
SCI Control 
Register 
2 


Si02E 
TORE 
TC 
RDRF 
IDLE 
OR 
NF 
FE 
SCSR 
sel Status 
Register 


Si02F 
Bit 7 
Bit 0 
SCDR 
SCI Data IRead RDR, Write 
TORI 


Si030 
CCF 
SCAN 
MULT I 
CD 
CC 
CB 
CA 
ADCTL 
A to D Control Register 


Si031 
Bit 7 
Bit 0 
ADRl 
A to 0 Result Register 1 


Si032 
Bit 7 
Bit 0 
ADR2 
A to 0 Result Register 2 


Si033 
Bit 7 
Bit 0 
ADR3 
A to 0 Result Register 3 


Si034 
Bit 7 
Bit 0 
ADR4 
A to 0 Result Register 4 


SI035 
Reserved 


Si036 
Reserved 


S,037 
Reserved 


SI038 
Reserved 


Si039 
ADPU 
CSEL 
IROE 
DLY 
CME 
CRl 
CRO 
OPTION 
System Configuration 
Options 


S,03A 
Bit 7 
Bit 0 
COPRST 
Arm/Reset 
COP Timer Circuitry 


Si03B 
BLKB 
BLKA 
BYTE 
ROW 
ERASE IEELAT 
EEPGM 
PPROG 
EEPROM 
Programming 
Control 
Register 


Si03C 
RBOOT 
ISMOD 
MDA 
IRV 
PSEL3 
PSEL2 
I PSEL1 
PSELO 
HPRIO 
Highest Priority I-Bit Interrupt and Misc. 


Si03D 
RAM3 
IRAM2 
RAMl 
IRAMO 
REG3 
REG2 
I REGl 
REGO 
INIT 
RAM-I/O 
Maping 
Register 


Si03E 
TILOP 
OCCR ICBYP 
DISR 
FCM 
I FCOP 
TCON 
TEST1 
Factory TEST 
Control Register 


Si03F 
INOCOP IROMON I EEON 
CONFIG 
COP, ROM. 
& EEPROM 
Enables 


Bit 7 
6 
5 
3 
IEEPROM 
Cellsl 
4 
Bit 0 


• 


Condition 
Code Register 


Carry/Borrow 
from MSB 
Overflow 
Zero 
Negative 


I-Interrupt 
Mask 
Half Carry (from 
Bit 31 


X-Interrupt 
Mask 
Stop 
Disable 


PCL 


PCH 


IYL 


IYH 


IXL 


IXH 


ACCA 


ACCS 


CCR 


INDEX REGISTER X (IX) 


The 16-bit IX register is used during index modes of ad- 


dressing. 
It provides a 16-bit indexing value which 
may be 
added to an 8-bit offset provided in an instruction 
to create 
an effective 
address. The IX register can also be used as a 
counter 
or as a temporary 
storage area. 


INDEX REGISTER Y (lY) 


The 16-bit IY register is also used during indexed modes of 
addressing similar to the IX register; however, 
most instruc- 
tions using the IY register require an extra byte of machine 
code and a cycle of execution 
time since they are two byte 
opcodes. The IY register can also be used as a counter or as 
a temporary 
storage in the same manner as the IX register. 


STACK 
POINTER (SP) 


The stack pointer (SPI is a 16-bit register that contains the 
address of the next free location on the stack. The stack is 
configured 
as a sequence 
of 
last-in-first-out 
read/write 
registers which allow important 
data to be stored during in- 


terrupts and subroutine 
calls. Each time a new byte is added 
to the stack (a push), the SP is decremented; 
whereas, each 
time a byte is removed from the stack (a pull) the SP is in- 
cremented. 
The address contained 
in the SP also indicates 
the location at which the accumulators 
(A and BI, IX, and IY 
can be stored during certain instructions. 


PROGRAM COUNTER (PCI 


The program counter is a 16-bit register that contains the 
address of the next instruction 
to be executed. 


CONDITION 
CODE REGISTER (CCR) 


The condition 
code register is an 8-bit register in which 
each bit signifies the results of the instruction 
just executed. 


These bits can be individually 
tested by a program 
and a 
specific action can be taken as a result of the test. Each in- 
dividual condition 
code register bit is explained below. 


Carry/Borrow 
(C) 


The C bit is set if there was a carry or borrow 
out of the 
arithmetic 
logic unit IALUI during the last arithmetic 
opera- 
tion. The C bit is also affected during shift and rotate instruc- 


tions. 


Overflow 
(V) 


The overflow 
bit is set if there was an arithmetic 
overflow 
as a result of the operation; 
otherwise, 
the V bit is cleared. 


Zero (Z) 


The zero bit is set if the result of the last arithmetic, 
logic, 
or data 
manipulation 
was 
zero; 
otherwise, 
the 
Z bit 
is 
cleared. 


Negative (N) 


The negative bit is set if the result of the last arithmetic, 
logic, or data manipulation 
was negative (b7 of result equal 


to a logic one); otherwise, 
the N bit is cleared. 


I Interrupt 
Mask (I) 


The I interrupt 
mask bit is set either by hardware or pro- 
gram 
instruction 
to disable 
(mask) all maskable 
interrupt 
sources (both external and internal!. 


Half Carry (H) 


The half carry bit is set to a logic one when a carry occurs 
between bits 3 and 4 of the arithmetic 
logic unit during an 


ADD, 
ABA, 
or ADC 
instruction; 
otherwise, 
the H bit is 
cleared. 


X Interrupt 
Mask (X) 


The X interrupt 
mask bit is set only by hardware (Reset or 
XIROI; and it is cleared only by program instruction 
(TAP or 
RTII. 


Stop Disable (S) 


The stop disable bit is set to disable the STOP instruction, 


and cleared to enable the STOP instruction. 
The S bit is pro- 
gram 
controlled. 
The 
STOP instruction 
is treated 
as no 
operation 
(NOP) if the S bit is set. 


FUNCTIONAL 
PIN DESCRIPTION 


The pin descriptions 
below do not include the I/O ports. 


They 
are 
discussed 
separately 
under 
INPUT / 


OUTPUT PORTS. 


VDD AND VSS 


Power is supplied 
to the MC68HCllA8 
using two 
pins. 
VDD is the power input (+ 5 V) and VSS is the power return 
path. 


RESET 


This active low bidirectional 
control pin is used as an input 
to initialize the MC68HCllA8 
to a known startup state, and 
as an open-drain 
output 
to indicate an internal 
failure has 
been 
detected 
in either 
the 
clock 
monitor 
or computer 
operating 
properly (COPI circuit. 


XTAL AND EXTAL 


These two 
inputs 
provide 
for an interface 
with 
either a 
crystal 
input 
or a CMOS compatible 
clock 
to control 
the 
MC68HCllA8 
internal 
clock 
generator 
circuitry. 
The fre- 
quency applied to these pins should be four times the desired 
internal 
clock 
rate since an internal 
divide-by-four 
circuit 
determines the actual E-clock rate. When a crystal is used, a 
25 picofarad 
capacitor 
should 
be connected 
between 
VSS 


• 


•• 


and each of these two pins (XTAL and EXTAll; 
however, if 
a CMOS compatible external clock is used, the signal should 
be connected to the EXTAL pin and the XTAL pin should be 
left disconnected. 


E 
The E pin provides an output for the internally generated 


E clock which can be used as a timing reference. The fre- 
quency of the Eoutput is actually one fourth that of the input 
frequency at the XTAL and EXTAL pins. In general when the 
E pin is low, an internal process is taking place, and, when 
high, data is being accessed. 


IRQ 


The 
IRQ pin 
provides 
a means for 
requesting 
asyn- 
chronous interrupts to the MC68HC11A8. The IRQ interrupt 
input is program selectable with a choice of either negative 
edge-sensitive or level-sensitive triggering. The IRQ interrupt 
input is always configured to level-sensitive triggering during 
reset. The IRQ pin requires an external resistor to VDD. The 
MCU completes the current instruction before responding to 
an interrupt request on the IRQ pin. 


If IRQ is low and the interrupt mask bit II bitl in the condi- 
tion code register is clear, the MCU begins an interrupt se- 
quence at the end of the current instruction. 


XIRQ 


The XIRQ pin provides a means for requesting asyn- 
chronous 
non-maskable 
interrupts 
to the 
MC68HCllA8, 
after a power-on 
reset. During reset (including 
power-on 


resetI, the X bit in the condition code register is set and the 
XIRQ interrupt is masked to preclude interrupts on this line 
until MCU operation is stabilized. The X bit may then be 
cleared by program control (using the transfer accumulator 
A instruction, TAP); however, the X bit can only be set again 
by reset or by recognition 
of a hardware XIRQ interrupt. 


Once the X bit in the condition code register is cleared, an in- 
terrupt on the XIRQ pin will be serviced as soon as the MCU 
completes the current instruction. When an XIRO interrupt is 
recognized, on-chip hardware automatically sets the X bit. 
The X bit can be cleared either as part of interrupt routine by 
the TAP instruction (nested interrupt) or by the return from 
interrupt 
instruction. 
The XIRO pin requires an external 


resistor to VDD. 
The XIRO input may also be used to return the MCU to 
normal operation from the low-power stop mode by applying 
a low level to the XIRO pin. If the X bit in the condition code 
register is cleared and the MCU is in the stop mode, a low in- 
put on the XIRO brings the MCU out of the stop mode and 
operation 
resumes with the stacking operation 
leading to 
service of the XIRO request. If the X bit is set and the MCU is 
in the stop mode, a low input on the XIRO brings the MCU 
out of the stop mode and operation resumes with the pro- 
gram instruction following the STOP instruction. 


MODA/LIR 
AND MODB 


During reset, these two pins are used to control the two 
basic operating modes of the MC68HC11A8 plus two special 


MODB 
MODA 
Mode Selected 


VDD 
0 
Single-Chip (Mode 01 
VDD 
1 
Expanded Multiplexed (Mode 11 


# 
0 
Special Bootstrap 


# 
1 
Special Test 


1= Logic High 
0= Logic Low 
1= 1.4 Times VDD (or higher! 


operating modes. The modes versus MODA and MODB in- 
puts are shown in the table below. 


L1R 


In addition to the MODA function, 
the MODA/UR 
pin 
provides an output as an aid in debugging once reset is com- 
pleted. The I:iR pin goes to an active low during the first 
E-clock cycle of each instruction 
and remains low for the 
duration of that cycle (opcode fetch!. 
Some MC68HCllA8 
opcodes are two consecutive bytes long including a page 2 
(PG21,page 3 (PG31,or page 4 (PG4) prebyte. For these in- 
structions DR goes low for only the first (prebyte) opcode 
byte fetch. 


VRL AND VRH 


These two 
pins provide the reference voltage 
for the 
analog-to-digital converter. 


R/W/STRB 


This pin provides two different functions depending on the 
operating mode. In single-chip mode, the pin provides the 
STRB (output strobel function and in the expanded multi- 
plexed mode, it provides the R/W 
fread-writel function. 
In the single-chip mode the STRB pin acts as a program- 
mable strobe. This strobe can also be used to provide a data 
acknowledge (handshake) to a parallel 1/0 device. 
In the expanded multiplexed mode, the R/W 
Iread/write) 
is used to control the direction of transfers on the external 
data bus. A low level (writel on the R/W 
pin enables the data 
bus output 
drivers to the external data bus. A high level 
(read) on this pin forces the output 
drivers to a high- 


impedance state and data is read from the external bus. 


AS/STRA 


This pin provides two different functions depending on the 
operating mode. In single-chip mode, the pin provides the 
STRA (input strobel 
function 
and in the expanded multi- 
plexed mode it provides the AS (address strobel function. 
In the single-chip mode, the STRA pin acts as a pro- 
grammable Input strobe. This input is also used with STRB 
and port C for full handshake modes of parallel 1/0. 


In the 
expanded 
multiplexed 
mode, 
the 
AS 
(address 
strobel output may be used to demultiplex the address and 
data signals at port C. 


INPUT/OUTPUT 
PORTS 


There are five8-bit 
ports on the MC68HCllA8 
MCU. All of 
these ports serve more than one purpose depending on the 
mode configuration 
of the MCU. A summary of the pins ver- 


sus function 
and mode is provided in Table 2 and discussed 
in the following 
paragraphs. 
Because the port functions 
are 
controlled 
by the 
particular 
mode 
selected, 
each port 
is 
discussed for its functionlsl 
during the mode of operation. 
In the single-chip 
mode, the MC68HCllA8 
functions 
as a 
monolithic 
microcomputer 
without 
external address or data 
buses. In this mode, four of these ports lA, B, C, Dl are con- 
figured 
as parallel I/O data ports. 
Port E can be used for 
general purpose static inputs and/or 
analog-to-digital 
con- 


verter channel inputs. 


In the bootstrap 
mode, all I/O port pins function 
the same 
as in 
the 
single-chip 
mode. 
Operational 
differences 
are 
discussed in OPERATING 
MODES. 


In the expanded multiplexed 
mode, the MC68HC11A8 has 
the capability 
of accessing a 64K byte address space. The 
total 
address 
space 
includes 
the 
same on-chip 
memory 
addresses as for single-chip 
modes plus external peripheral 
devices. In this mode, ports B, C, and bits 6 and 7 of port D 
are configured 
as a memory expansion 
bus. 


In the test mode, all I/O port pins function 
the same as in 
the expanded multiplexed 
mode. Operational differences are 
discussed in OPERATING MODES. 


Port A 


In all operating 
modes, 
port 
A may be configured 
for: 
three input 
capture 
functions 
OC1, IC2, IC31, four output 


compare 
functions 
IOC2, 
OC3, OC4, OC5), and a pulse 
accumulator 
input (PAllor 
a fifth output 
compare function 
10Cli. 


Singl&Chip 
Expanded Multiplexed 


Port·Bn: 
Modes 
0 and Bootstrap 
Mode 
Mode 
1 and Special 
Test Mode 


A-O 
PAOIIC3 
PAO/IC3 
A-I 
PA111C2 
PA1/IC2 
A-2 
PA211CI 
PA2/ICI 
A-3 
PA3/0CS/and-or 
OCI 
PA3/0CS/and-or 
OCI 
A-4 
PA4/0C4/and-or 
OCI 
PA4/0C4/and-or 
OCI 
A-S 
PAS/OC3/and-or 
OCI 
PAS/ OC3/ and-or 
OC 1 
A·6 
PA6/ OC2/ and-or 
OC I 
PA6/0C2/and·or 
OCI 
A-7 
PA7/PAI/and-or 
OCI 
PA7IPAI/and-or 
OCI 


B-O 
PBO 
AB 


B-1 
PBl 
A9 
B-2 
PB2 
Al0 


B·3 
PB3 
All 
B-4 
PB4 
A12 


B-S 
PBS 
A13 


B·6 
PB6 
A14 
B-7 
PB7 
AIS 


CoO 
PCO 
AO/DO 
C·l 
PCl 
Al/Ol 
C·2 
PC2 
A2/02 
C-3 
PC3 
A3/03 
C·4 
PC4 
A4/04 
C-S 
PCS 
AS/OS 
C-6 
PC6 
A6/06 
C·7 
PC7 
A7/07 


0-0 
POO/AxO 
PDO/AxO 
0·1 
P01ITxO 
POllTxO 


0-2 
P02/MISO 
P02/MISO 


0·3 
P03/MOSI 
P03/MOSI 


0·4 
P04/SCK 
P04/SCK 
O-S 
POS/SS 
POS/SS 
0-6 
STAA 
AS 


0·7 
STAB 
Ailii 


E-O 
PEa/ANa 
PEa/ANa 


E-t 
PEl/ANt 
PEl/ANI 


E·2 
PE2/ AN2 
PE2/AN2 
E-3 
PE3/ AN3 
PE3/AN3 


E·4 
PE4/ AN4 " 
PE4/ AN4 " 
E-S 
PES/ ANS " 
PES/ ANS " 
E-6 
PE6/ AN6 " 
PE6/AN6 
" 
E-7 
PE7I AN7 " 
PE7I AN7 " 


• 


• 


Each of the input capture pins provide for a transitional 


input which is used to latch a timer value into a 16-bit read- 
only register !input capture register). The value latched by an 
input capture corresponds to the value of the free-running 
counter that is part of the timer system. External devices pro- 
vide the transitional inputs and internal decoders determine 
which 
input 
transition 
edge (rising, 
falling, 
or either) 
is 


sensed. 
Each of the output compare pins provides for an output 
whenever a match is made between the value in the free- 
running counter (in the timer system) and a value loaded into 
the particular 16-bit output compare register. The outputs 
can be used externaiiy to indicate that a certain period of 
time has elapsed. 
When port A bit 7 (PA7) is configured 
as a pulse ac- 


cumulator input (PAil, the external input pulses are applied 
to a pulse accumulator register within the MC68HC11A8. 
Each port A pin that is not used for its alternate timer func- 


tion, as described above, may be used as a general purpose 
input or output line. 


Port B 


In the single-chip mode, all of the port 8 pins are general 
purpose output 
pins. During MCU read cycles, the levels 
sensed at the input side of the port B output drivers are read. 
Port B may also be used in a simple strobed output mode 
where the STRB (port D bit 71 pulses each time port B is 
written. 
In the expanded multiplexed mode, all of the port B pins 
act as high order address output 
pins. During each MCU 
cycle, bits 8 through 
15 of the address are output on the 
PBo-PB7 lines respectively. 


Port C 


In the single-chip mode, all port C pins are general purpose 
inputloutput 
pins. Port C inputs can be latched by the STRA 


input (at port D bit 6). Port C may also be used in full hand- 
shake modes of parallel 1/0 
where the STRA input and 
STRB output act as handshake control lines. 


In the expanded multiplexed mode, all port C pins are con- 
figured as multiplexed addressl data pins. During the address 
portion of each MCU cycle, bits a through 7 of the address 
are output on the PCO-PC7lines. During the data portion of 
each MCU cycle (E high), 
bits a through 
7 1D0-D7) are 
bidirectional data pins controlled by the R/IN signal. 


Port D 


In all modes, port D bits 0-5 may be used for general 110 or 
with 
the serial communications 
interface (SCII and serial 
peripheral interface (SPII subsystems. 
Bit a is the receive data input (RxD) for the serial commu- 


nication interface (SCII. 


Bit 1 is the transmit data output (TxD) for the SCI. 
Bits 2 through 5 are dedicated to the serial peripheral inter- 
face (SPII. Bit 2 is the master-in-slave-out (MISO) line; this 
pin is an input when the SPI is configured as a master device 
and an output when configured as a slave device. Bit 3 is the 
master-out-slave-in (MOSII line; this pin is an output when 
the SPI is configured as a master device and an input when 


configured as a slave device. Bit 4 is the serial clock (SCK) 
and is an output 
when the SPI is configured 
as a master 
device and an input when configured as a slave device. Bit 5 
is the slave select (551 input which receives an active low 
signal to enable a slave device to accept SPI data. 
In the single-chip mode, bits 6 and 7 are used as hand- 


shake control signals for ports Band 
C. 


In the expanded multiplexed mode, bits 6 and 7 act as ex- 


pansion bus controls AS and R/W respectively. 


Port E 
In all operating modes, port E is used for general purpose 


static inputs andlor analog-to-digital 
(AI DI channel inputs. 


Port E should not be read as static inputs while an AI D con- 
version is actually taking place. 


NOTE 


On 48 pin packaged versions of the MC68HCllA8, 
the four most significant bits of port Eare not con- 
nected to pins. 


INTERRUPTS 


When an external or internal (hardware) interrupt occurs, 


the interrupt 
is not serviced until the current 
instruction 
being executed is completed. Until the current instruction is 
complete, the interrupt is considered pending. After comple- 
tion of current instruction 
execution, unmasked interrupts 
may be serviced in accordance with an established fixed 
hardware priority circuit; however, one I bit related interrupt 
source may be dynamically elevated to the highest I bit prior- 
ity position in the circuit. 
Seventeen hardware interrupts and one software interrupt 
(excluding reset type interrupts) can be generated from all of 
the possible sources. The interrupts can be divided into two 
basic 
categories, 
maskable 
and 
non-maskable. 
In 
the 
MC68HC11A8, fifteen of the interrupts can be masked using 
the 
condition 
code 
register 
I bit. 
In addition 
to 
being 
maskable by the I bit in the condition code register, all of the 
on-chip interrupt sources are individually maskable by local 
control bits. The software interrupt 
ISWI instruction) 
is a 
non-maskable instruction 
rather than a maskable interrupt 
source. The last interrupt (external input to the XIRO pin) is 
considered as a non-maskable interrupt 
because once en- 
abled, 
it cannot 
be masked by software; 
however, 
it is 


masked during reset and upon receipt of an interrupt at the 
XIRO pin. Tables 3,4, and 5 provide a list of each interrupt, 
its vector location in ROM, and the actual condition 
code 
and control bits that mask it. A discussion of the various in- 
terrupts is provided below. 


SOFTWARE INTERRUPT ISWII 


The software interrupt is executed the same as any other 
instruction and will take precedence over interrupts only if 
the other interrupts are masked II and X bits in the condition 
code register set). The SWI instruction is executed similar to 
other 
maskable interrupts 
in that it sets the 
I bit, 
CPU 
registers are stacked, etc. 


CC 
Vector Address 
Interrupt 
Source 
Register 
Local Mask 
Mask 


FFCO, C1 
Reserved 
- 
- 
. 
. 
. 
. 


FFD4,05 
Reserved 
- 
- 
FFD6,07 
SCI Serial 
System 
Bit 
See Table 4 


FF08,09 
SPI Serial Transfer Complete 
Bit 
SPIE 
FFDA, 
DB 
Pulse Accumulator 
Input Edge 
Bit 
PAil 
FFDC, 
DO 
Pulse Accumulator 
Overflow 
Bit 
PROVI 
FFDE, OF 
Timer Overflow 
Bit 
TOI 


FFEO, E1 
Timer Output 
Compare 5 
Bit 
OC51 
FFE2, E3 
Timer Output 
Compare 4 
Bit 
OC41 


FFE4, E5 
Timer Output 
Compare 3 
Bit 
OC31 


FFE6, E7 
Timer Output 
Compare 2 
Bit 
OC21 


FFE8, E9 
Timer Output 
Compare 
1 
Bit 
OCll 


FFEA, 
EB 
Timer Input Capture 3 
Bit 
OC31 


FFEC, ED 
Timer Input Capture 2 
Bit 
OC21 


FFEE, EF 
Timer Input Capture 1 
Bit 
OCll 


FFFO, Fl 
Real Time Interrupt 
Bit 
RTII 


FFF2, F3 
IRQ IExternal 
Pin or Parallel 1/01 
Bit 
See Table 5 
FFF4, F5 
XIRQ Pin IPseudo 
Non-Maskable 
Interrupti 
X Bit 
None 


FFF6, F7 
SWI 
None 
None 


FFF8, F9 
Illegal Opcode 
Trap 
None 
None 


FFFA, 
FB 
COP Failure IResetl 
None 
NOCOP 


FFFC, FD 
COP Clock 
Monitor 
Fail {Resetl 
None 
CME 


FFFE, FF 
RESET 
None 
None 


Interrupt 
Cause 
Local Mask 


Receive Data Register Full 
RIE 
Receiver 
Overrun 
RIE 
Idle Line Detect 
ILiE 


Transmit 
Data Register Empty 
TIE 


Transmit 
Complete 
TCIE 


Interrupt 
Cause 


External 
Pin 
Parallel 
1/0 
Handshake 


• 


• 


NOTE 


The SWI instruction cannot be fetched as long as 
another interrupt is pending execution. However, 
once it is fetched 
no other 
interrupt 
can be 
honored until the first instruction in the SWI ser- 
vice routine is completed. 


IllEGAL 
OPCODE TRAP 


Since not all possible opcodes or opcode sequences are 


defined, an illegal opcode detection circuit has been included 
in the MC68HC11A8. When an illegal opcode is detected, an 
interrupt is requested to the illegal opcode vector. 


RESETS 


The MC68HC11A8 MCU has four possible types of reset: 


an active low input to the RESETpin, a power-on reset func- 
tion, a computer operating properly (COP) watchdog timer 
timeout, and a clock monitor failure. 


RESET PIN 


The RESET pin is used to reset the MCU to provide an 
orderly software startup procedure. To request an external 
reset, the RESET pin must be held low for eight Ecyc Itwo 
Ecyc if no distinction is made between internal and external 
resets!. 


POWER-ON RESET 


The power-on reset occurs when a positive transition is 
detected on VDD. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in power supply voltage. There is no provision for 
power-down 
reset. If the external RESET pin is low at the 
end of the power-on delay time, the processor remains in the 
reset condition until RESET goes high. 


COMPUTER OPERATING PROPERLY (COP) RESET 


The MC68HC11A8 MCU contains a watchdog timer which 
will time itself out if not reset within a specific time by a pro- 
gram reset sequence. If for any reason the COP watchdog 
timer is allowed to timeout, it generates an MCU reset and 
drives the RESET pin low to reset the external system. 
A control bit, which is implemented in an EEPROMcell of 
the system configuration 
register, is used to enable lor 


disable) the COP reset function. 
When this bit is clear, the 
COP reset function 
is disabled; if set, the COP reset is 
enabled. Protected control bits allow the user to select one 
of four COP timeout rates. 


CLOCK MONITOR RESET 
The MC68HCllA8 
MCU contains a clock monitor circuit 
which measures the E clock input frequency. If the E clock 
input rate is above 200 kHz, then the clock monitor does not 
generate an MCU reset. However, if the Eclock signal is lost, 
or its frequency falls below 10 kHz, then an MCU reset is 
generated and the RESET pin is driven low to reset the ex- 
ternal system. 
A read-write 
control 
bit, 
which 
is implemented in the 
system configuration 
options register, is used to enable lor 


disable) the clock monitor reset. When this bit is clear, the 
clock monitor reset function is disabled; when set, the clock 
monitor reset is enabled. 


STOP AND WAIT 


The MC68HCllA8 
MCU contains two programmable low- 


power operating modes; stop and wait. In the wait mode, 
the on-chip oscillator 
remains active together with 
other 
functions discussed below. In the stop mode, all clocks in- 
cluding the crystal oscillator are stopped. 


WAI (WAIT) INSTRUCTION 


The WAI instruction 
places the MC68HCllA8 
in a low 
power consumption 
Iwait) 
mode. The CPU registers are 
stacked and processing is suspended until a qualified inter- 
rupt is detected. In the wait mode, the internal clock remains 
active. The amount 
of power savings in the wait 
mode 
depends upon which internal subsystems are enabled at the 
time. 


STOP INSTRUCTION 


The STOP instruction places the MC68HCllA8 
MCU in its 
lowest power consumption mode provided the S bit in the 
condition code register is clear. In the stop mode, all clocks 
including the internal oscillator are stopped, causing all inter- 
nal processing to be halted. To exit the stop mode and 
resume normal processing, a low level must be applied to 
one of the external interrupt pins liRa or XIRQ) or to the 
RESETpin. If an external interrupt is used at the IRQ input, it 
is only effective if the I bit in the condition code register is 
clear. If an external interrupt is applied at the XIRQ input, the 
MCU exits from the stop mode regardless of the state of the 
X bit in condition code register; however, the actual recovery 
sequence differs depending on the X bit. If the X bit is clear, 
the MCU starts up with the stacking sequence leading to 
normal service of the XIRQ request. If the X bit is set, then 
processing will continue with 
the instruction 
immediately 
following 
the STOP instruction and no XIRQ interrupt ser- 
vice routine is requested. As in the wait mode, a low input to 
the RESET pin will always result in an exit from the stop 
mode and the start of MCU operation is determined by the 
reset vector. 
Since the oscillator is stopped in the stop mode, a restart 
delay may be required to allow for oscillator stabilization 
when exiting from the stop mode. If the internal oscillator is 
being used, this delay is required; however, if a stable exter- 
nal oscillator is being used, a control bit within the MCU may 
be used Icleared) to bypass the delay. If the delay bypass 
control is clear, then the RESET pin would not normally be 
used for exiting the stop mode. In this case, the reset se- 
quence sets the delay control bit and the restart delay will be 
imposed. 


PROGRAMMABLE TIMER SYSTEM 


The timer system in the MC68HC11A8 uses a "time-of- 


day" approach in that all timing functions are related to a 
single 16-bit free-running counter. The free-running counter 
is clocked by the output of a programmable prescaler Idivide- 
by-l, 
-4, -8, or -16), which is in turn clocked by the MCU E 
clock. Functions available within the MC68HC11A8 timer in- 
clude: three input capture functions and five output compare 
functions. 


The capabilities of the programmable timer are obtained 
using the following registers: 


1) Prescaler IDivide-by-l, 
-4, -8, or -161, 
2) Free-Running Counter 116-Bitl, 
3) Input Capture IThree 16-Bit Registers), 
4) Output Compare IFive 16-Bit Registers), 
51 Main Timer Control and Status Registers. 


PRESCALER AND FREE-RUNNING COUNTER 


The key element in the timer system is a 16-bit free- 
running counter with its associated programmable prescaler 
Idivide-by-1, 
-4, -8, or -161. The free-running 
counter 
is 


clocked by the output of the prescaler, that is in turn clocked 
by the Eclock. The free-running counter can be read by soft- 
ware at any time without 
affecting 
its value because it is 


clocked and read on opposite half cycles of the M PU Eclock. 
The free-running counter is cleared to SOOOO 
during reset and 
is a read-only register lexcept in the test or bootstrap mode 
where this feature is used in factory testingl. 


The 
16-bit free-running 
counter 
repeats every 65,536 


counts Iprescaler output), and when the count changes from 
SFFFF to SOOOO,a timer overflow flag bit is set. Setting the 
timer overflow flag bit also generates an internal interrupt if 
the overflow interrupt enable bit is set. 


Input Capture Functions 
There are three separate 16-bit read-only input capture 
registers that 
are not 
affected 
by reset. 
Each of 
these 


registers is used to latch 
the value of the free-running 
counter 
when 
a selected 
transition 
at 
an external 
pin 
is detected. 
External devices provide 
the inputs 
on the 
PAO-PA2 pins, and an interrupt can be generated when an 
input capture edge is detected. The time of detection can be 
read from the appropriate register as part of the interrupt 


routine. 


Output Compare Functions 


There are five separate 16-bit read/write 
output compare 
registers that are initialized to SFFFFat reset. The value writ- 
ten into the output compare register is compared to the free- 
running counter value during each MCU E-clock cycle. If a 
match is found between the two values, the particular out- 
put compare flag bit is set and an interrupt is generated, pro- 
vided that particular interrupt is enabled. 


In addition to the interrupt, a specified action may be initi- 
ated at a timer output pinlsl. 
For OC1, the output action to 
be taken when a match is found is controlled by a 5-bit mask 
register and a 5-bit data register. The 5-bit mask register 
specifies which timer port outputs are to be affected and the 
5-bit data register specifies the data to be placed on the 
affected output 
pins. For OC2 through 
OC5, one specific 
timer output is affected as controlled by four 2-bit fields in a 
timer 
control 
register. 
Specific 
actions 
include 
11 timer 
disconnect from output pin logic, 21toggle output compare 
line, 31 clear output compare line to zero, or 41 set output 
compare line to one. 


REAL-TIME INTERRUPT 


The real-time interrupt provides a programmable periodic 


interrupt. This interrupt is maskable by either the I bit in the 
condition 
code register or the RTII control bit. The rate is 


based on the MCU E clock and is software selectable to be 
E-<-213, 
E-<-214, 
E-<-215, 
or E-<-216. 


PULSE ACCUMULATOR 


The pulse accumulator is an 8-bit counter that can operate 
in either of two modes, depending on the state of a control 
bit. These include the event counting mode or the gated time 
accumulation mode. 
The pulse accumulator control register contains four bits 
which enable and configure the pulse accumulator system. 
One bit enables the counter. 
One bit determines whether 
PA7/PAI will be an input or an output. A third bit specifies 
the event counting 
mode or the gated time accumulation 
mode, and the fourth bit determines which edge of the PAl 
input is the active one. The 8-bit counter counts from SOOto 
SFF, and when it overflows from SFFto SOOa flag bit is set. 
This results in a hardware interrupt provided the pulse ac- 
cumulator overflow .interrupt enable bit is set. 


In the event counting mode, the 8-bit counter is clocked to 


increasing values by an externallPAI) 
pin input (PA71. In the 
gated time accumulation mode, the 8-bit counter is clocked 
to increasing values by the MCU Eclock Idivided-by-641 pro- 
vided the proper gating signal is applied to an external IPAII 
pin input IPA71. 


SERIAL COMMUNICATIONS 
INTERFACE (SCIl 


The serial communications 
interface 
(SCII 
allows 
the 
MC68HC11A8 to be efficiently 
interfaced with 
peripheral 


devices that require an asynchronous serial data format. The 
SCI in the MC68HC11A8 is provided with a standard NRZ 
format with a variety of baud rates. The baud rate is derived 
from the crystal clock circuit and interface with peripheral 
devices is accomplished using port 0 pins. PD~ for receive 
data IRxD) and POl for transmit data ITxDI. 


BAUD RATE GENERATION 


The actual baud rate generation circuit contains a pro- 


grammable prescaler and divider which 
is clocked by the 
MCU E clock. A programmable baud rate register is used to 
provide 
the various divide ratios used in the baud rate 
generator prescaler and divider. This scheme of baud rate 
generation allows for selection of many different standard 
baud 
rates, 
all of 
which 
are controlled 
by the 
crystal 
oscillator. 


DATA FORMAT 


Receive data (RxDl in or transmit data ITxD) out is the 
serial data which is presented between the input pin IPDOl 
and the internal data bus, and between the internal data bus 
and the output pin (PD'i I. The data format requires: 


1) An idle line which is the high state (logic one) prior to 
transmission/reception 
of a message. 
21A start bit Ilogic zerol which is transmitted/received 
in- 
dicating the start of a message. 


31 Data is transmitted 
and received least significant 
bit 
first. 
41 A stop bit Ilogic one in the tenth or eleventh bit posi- 
tion) indicates the byte is complete. 


51A break is defined as the transmission or reception of a 
logic zero for some multiple of the data format. 


II 


• 


The data format word length may consist of either 10or 11 
bits. Selection of the word length is controlled by a single bit 
in a control register within the SCI. If this control bit is clear, 
the data contains a start bit, eight data bits, and a stop bit. If 
this control bit is set, there is a start bit, nine data bits, and a 
stop bit. 


TRANSMIT 
OPERATION 


The SCI transmitter includes a parallel data register and a 
serial shift register. This is referred to as a double buffered 
system in that besides the character being shifted out serial- 
ly, another character is already waiting to be loaded into the 
serial shift register. The output 
of the transmit serial shift 
register is applied to the TxD output pin (POl), as long as a 
transmission is in progress or the transmit enable bit is set. 


RECEIVE OPERATION 


Receive data in (RxDl is the serial data which is presented 
to the input pin !POOl. An advanced data recovery scheme is 
used to distinguish valid data from noise in the serial data 
stream. In this manner, the data input can be selectively 
sampled to detect receive data and then verify that the data 
is valid. 
Data is received in a serial shift register and is 
transferred to a parallel register as a complete byte. This is 
referred to as a double buffered system in that besides the 
character already in the parallel register, another may be 
shifted in serially. 


WAKE-UP FEATURE 


The wake-up feature allows a receiverlsl to "sleep" until a 
specific action takes place. In a typical multiprocessor con- 
figuration, the software protocol will usually identify the ad- 
dressee(sl at the beginning of a message. This wake-up 
feature 
allows 
uninterested 
MPUs 
to 
ignore 
incoming 
messages. The MC68HCllA8 
SCI permits 
this wake-up 
feature by either of two methods: idle line wake-up or ad- 
dress mark wake-up. 
In idle line wake-up, all receivers wake up whenever an idle 
line is detected; however, if a receiver does not recognize its 
address in the first frame of a message it may ignore the rest 
of the message by invoking the wake-up features. In this 
wake-up method, transmitter software must provide for· the 
required idle string between consecutive messages and pre- 
vent it from occurring within messages. 


In the address mark wake-up, all serial frames consist of 
seven lor eight) information bits, plus a most-significant 
bit 
(MSBI that is used to indicate an address frame if the MSB is 
a logic one. The first frame of each message is an address 
frame that wakes up all receivers in the system. All receivers 
evaluate this marked address frame to determine which 
receiver(s) the message is intended for. If a receiver deter- 
mines that a message is not intended for it, it invokes the 
receiver wake-up function 
so that no additional 
program 
overhead is required for the rest of the message. 


INTERRUPT FLAGS 


The serial communications 
interface 
(SCII generates a 
hardware 
interrupt 
(SCI interrupti 
whenever anyone 
of 
several flags is set and its corresponding interrupt enable bit 


is also set. These flags which are discussed below include: 
11Transmit data register empty, 
21Transmission complete, 
3) Idle line detected, and 
41 Receive data register full or overrun error detected. 


The transmit data register empty (TOREI bit is set to in- 
dicate that the transmit parallel data register contents have 
been transferred to the transmit serial shift register. If the 
corresponding interrupt enable bit (transmit interrupt enable) 
is set, then an SCI interrupt is generated. 


The transmission 
complete 
(TCI 
bit 
is set when 
the 
transmitter 
no longer has any meaningful 
information 
to 
transmit; i.e., no data in the serial shifter, no queued pream- 
ble, and no queued break. If the transmitter is enabled when 
TC is set, the serial line will go idle (continuous markl, 
The idle line detected (lDLEI bit is set whenever a receiver 
detects a receiver idle line. This could indicate the end of a 
message, the preamble of a new message, or resynchroniza- 
tion with 
the transmitter. 
If the corresponding 
interrupt 
enable bit (idle line interrupt enable) is set then an SCI inter- 
rupt is generated. 
The receiver data register full (RDRFI bit is set whenever 


the receiver serial shift register contents are transferred to 
the serial communications data register. If the corresponding 
interrupt enable bit (receive interrupt enable) is set then an 
SCI interrupt is generated. 
The overrun error bit is set to indicate tha the next byte is 
ready for transfer from the receive shift register to the receive 
data register, but that register is already full (RDRF bit set). 
Data transfer is then inhibited until the OR (overrunl bit is 
cleared. As with the RDRF bit, an SCI interrupt is generated 
if the corresponding interrupt enable bit is set. 


SERIAL 
PERIPHERAL 
INTERFACE 
(SPI) 


The serial peripheral interface is a high-speed synchronous 
serial I/O system. The transfer rate is software selectable up 
to one half the MCU E clock rate (1.05 MHz maximum for 
E= 2.1 MHzl. 
Although 
the primary intended use of the 
system is for simple minimum interconnect 
I/O expansion, 
the SPI system also allows several MCUs to be intercon- 
nected in a multimaster 
configuration. 
Clock phase and 
polarity are software 
programmable 
to allow direct com- 
patibility with a large number of existing peripheral devices 
from 
simple shift 
registers to serial analog-to-digital 
and 
digital-to-anal,,\; 
peripherals. 


Four baSICsignal lines are associated with the SPI system. 
These include a master-out-slave-in (MOSIl line; a master-in- 
slave-out (MISOI line; a serial clock (SCKI line; and a slave 
select (SSI line. When data is written to the SPI data register 
of a master (model device, a transfer is automatically 
ini- 
tiated. A series of eight SCK clock cycles are generated to 
synchronize data transfer. 
Data is shifted out of the MOSI pin IMSB first) and on an 
alternate SCK edge data is shifted into the MISO pin. The 
transfer can be seen as a simple 8-bit transfer to a serial-to- 
parallel shift register or a simple transfer from a parallel-to- 
serial shift register. The transfer can also be seen as an B-bit 
exchange with a peripheral or a slave MCU. 


ANALOG-TO-DIGITAL 
(AID) 
CONVERTER 


The MC68HCllA8 
contains 
an 8-channel, 
multiplexed 
input, successive approximation analog-to-digital converter 
with sample and hold. Two dedicated pins IVRL and VRH) 
are provided for the reference supply voltage input. These 
dedicated pins are used instead of the device power pins to 
increase accuracy of the AID conversion. 
The 8-bit AID conversions of the MC68HCllA8 
are accur- 
ate to within ± one LSB (± ~ LSB quantizing error and ± 
~ LSB non-linearity errorl. Eachconversion is accomplished 
in 32 MCU E-clock cycles. An internal control 
bit allows 
selection 
of 
an internal 
conversion 
clock 
oscillator 
that 
allows the AID to be used with very low MCU clock rates. A 
typical conversion cycle requires 16 microseconds to com- 
plete at a 2 MHz bus frequency. 
Four result registers are included to further enhance the 
AID subsystem along with control logic to control conver- 
sion activity automatically. A single write instruction selects 
one of the four conversion sequences, resulting in a conver- 
sion complete 
flag after the first four conversions. 
The 


sequences 
are: 
11Convert one channel four times and stop, sequential 


results placed in the result registers. 
21 Convert one group of four channels and stop, each 
result register is dedicated to one channel. 


3. Convert one channel continuously, updating the result 
registers in a round robin fashion. 


41 Convert one group of four channels continuously, each 
result register is dedicated to one channel. 


NOTE 


In the 48-pin dual-in-line package, four conversion 
channels are not 
implemented. 
These include 
channels four through seven. 


STROBE AND HANDSHAKE 
PARALLEL 1/0 


This subsystem uses ports Band C and bits 6 and 7 of port 
D to allow 
automatic 
parallel 1/0 
transfers. 
When 
the 
MC68HC11A8 is operating in expanded multiplexed mode, 
these eighteen pins are used for the expansion bus, but the 
strobe and handshake functions can be regained by using 
the MC68HC24 port replacement unit. 


In simple strobe mode, port B is a strobed output port and 
port C is a latching input port. When any write is done to 
port B, the STRB Iport D bit 71 pin is asserted for two E 
cycles. Whenever a selected edge is detected on the STRA 
Iport D bit 61 pin, the levels present on the port C pins are 
latched into an internal register (PORTCll 
and an interrupt 
flag is automatically set. 


In full input handshake mode, an external device places 
data on the port C pins and pulses the STRA pin. The 
MC68HC11A8 automatically 
latches data into its PORTCL 
register, sets the STAF flag bit and deasserts its STRB hand- 
shake output which indicates a not ready condition to the ex- 
ternal device. When the MC68HCllA8 
reads the data from 
the PORTCL latch register, the STAF flag is automatically 
cleared and the STRB pin is automatically reasserted to in- 
dicate that the external device may initiate a new parallel 
transfer. 


In full output handshake mode, the MC68HCllA8 
writes 
data to port C which automatically asserts the STRB pin, 
indicating to an external device that valid data is available at 
port C. When the external device has processed the parallel 
data it pulses the STRA pin to acknowledge receipt of the 
data. The selected edge on STRA automatically sets the 
STAF 
flag 
bit 
in 
the 
MC68HC11A8 and 
automatically 
deasserts the STRB output pin. 


In a three-state variation of full output 
handshake, the 
STRA pin acts as an output enable control for port C, as well 
as its trailing edge acting as an acknowledge for the output 
handshake sequence. 


ADDRESSING MODES 


Six addressing modes can be used to reference memory: 
immediate, direct, extended, indexed (with either of two 
16-bit index registers and an 8-bit offset), 
inherent, 
and 
relative. Some instructions require an additional byte before 
the opcode to accommodate a multi-page opcode map; this 
is called a prebyte. 
The following 
paragraphs provide a description of each 
addressing mode plus a discussion of the prebyte. In these 
descriptions, the term effective address is used to indicate 
the address in memory from which the argument is fetched 
or stored, or from which execution is to proceed. 


IMMEDIATE ADDRESSING 


In the immediate addressing mode, the actual argument is 
contained in the bytels) immediately following the instruc- 
tion where the number of bytes matches the size of the 
register. These are two, three, or four lif prebyte is required) 
byte instructions. 


DIRECT ADDRESSING 


In the direct addressing mode, the least significant byte of 
the operand address is contained in a single byte following 
the opcode and the most significant byte is assumed to be 
$00. Direct addressing allows the user to access addresses 
$ססoothrough $OOFFusing two byte instructions and execu- 
tion time is reduced by eliminating the additional memory 
access. In most applications, this 256-byte area is reserved 
for frequently referenced data. In the MC68HC11A8, soft- 
ware can configure the memory map so that internal RAM, 
andlor 
internal registers, or external memory space can 
occupy these addresses. 


EXTENDED ADDRESSING 


In the extended addressing mode, the second and third 
bytes following the opcode contain the absolute address of 
the operand. These are three or four (if prebyte is required) 
byte instructions: one or two for the opcode and two for the 
effective address. 


INDEXED ADDRESSING 


In the indexed addressing mode, one of the index registers 
IX or YI is used in calculating the effective address. In this 
case the effective address is variable and depends on two 
factors: 1I the current contents of the index register IX or Y) 
being used, and 2) the 8-bit unsigned offset contained in the 


• 


• 


instruction. 
This addressing mode allows referencing any 
memory location in the 64K byte address space. These are 
usually two or three lif prebyte is required) byte instructions, 
the opcode plus the 8-bit offset. 


INHERENT ADDRESSING 


In the inherent addressing mode, all of the information to 
execute the instruction 
is contained 
in the opcode. 
The 
operands lif any) are registers and no memory reference is 
required. These are usually one or two byte instructions. 


RELATIVE ADDRESSING 


The relative addressing mode is used for branch instruc- 
tions. If the branch condition is true, the 8-bit signed byte 
following the opcode (the offset) is added to the contents of 
the program counter to form the effective branch address; 
otherwise, control proceeds to the next instruction. 
These 
are usuaJlytwo byte instructions. 


PREBYTE 


In order to expand the number of instructions used in the 
MC68HC11A8, a prebyte instruction has been added to cer- 
tain 
instructions. 
The 
instructions 
affected 
are 
usually 
associated with index register Y. The opcode instructions 


that do not require a prebyte could be considered as page 1 
of the overall opcode map. The remaining opcodes could be 
considered as pages 2, 3, and 4 of the opcode map and 
would require a prebyte; $18 for page 2, $lA for page 3, and 
$CD for page 4. Refer to INSTRUCTION SUMMARY 
for 
more detail. 


INSTRUCTION SET 


The central processing unit ICPU) in the MC68HCllA8 
is 
basically a proper extension of the MC6801 CPU. In addition 
to its ability to execute all M6800 and M680l instructions, the 
MC68HCllA8 
CPU has a paged operation code lopcode) 
map with a total of 91 new opcodes. Major functional addi- 
tions include a second 16-bit index register IY register), two 
types of 16-by-16 divide instructions, 
a STOP instruction, 
and bit manipulation instructions. 
Table 6 shows all MC68HCllA8 
instructions in all possible 
addressing modes. For each instruction, 
the operand con- 


struction is shown as well as the total number of machine 
code bytes and execution time in CPU E-clock cycles. Notes 
are provided at the end of Table 6 which explain the letters in 
the Operand and Execution Time colvmns of some instruc- 


tions. 


Addressing 
Machine 
Coding 
Mode 
(Hexadecimal) 
for 
Source Form(s) 
Operation 
Boolean Expression 
Operand 
Opcode 
Operandls) 
I 
- 


ABA 
Add Accumulators 
A+B-A 
INH 
1B 
1 
2 


ABX 
Add 
B to X 
IX+()():B-IX 
INH 
3A 
1 
3 


ABY 
Add 
B to Y 
IY+()():B-IY 
INH 
183A 
2 
4 


ADCA 
loprl 
Add with Carry to A 
A+M+C-A 
A IMM 
89 
ii 
2 
2 


A DIR 
99 
dd 
2 
3 
A EXT 
B9 
hh II 
3 
4 


AIND,X 
A9 
If 
2 
4 


AIND, 
Y 
18 A9 
If 
3 
5 


ADCB 
lopr! 
Add with Carry to B 
B+M+C-B 
B IMM 
C9 
ii 
2 
2 


B DIR 
09 
dd 
2 
3 
B EXT 
F9 
hh II 
3 
4 
BIND, 
X 
E9 
If 
2 
4 
BIND, 
Y 
18 E9 
If 
3 
5 


ADDA 
loprl 
Add Memory 
to A 
A+M-A 
A IMM 
8B 
ii 
2 
2 
A DIR 
9B 
dd 
2 
3 
A EXT 
BB 
hh II 
3 
4 
AIND,X 
AB 
If 
2 
4 
AIND, 
Y 
18 AB 
If 
3 
5 


ADDB 
lopr! 
Add 
Memory 
to B 
B+M-B 
B IMM 
CB 
ii 
2 
2 
B DIR 
DB 
dd 
2 
3 
B EXT 
FB 
hh II 
3 
4 
BIND, 
X 
EB 
ff 
2 
4 
BIND, 
Y 
lB EB 
ff 
3 
5 


ADDD 
lopr! 
Add 
16-blt to 0 
O+M:M+1-D 
IMM 
C3 
jj kk 
3 
4 
DIR 
03 
dd 
2 
5 
EXT 
F3 
hh II 
3 
6 
IND, 
X 
E3 
If 
2 
6 
IND, 
Y 
18 E3 
ff 
3 
7 


ANDA 
lopr! 
AND 
A with 
Memory 
AoM-A 
A IMM 
84 
ii 
2 
2 
A DIR 
94 
dd 
2 
3 
A EXT 
B4 
hh II 
3 
4 
AIND, 
X 
A4 
If 
2 
4 
AIND, 
Y 
18 A4 
If 
3 
5 


ANDB 
loprl 
AND 
B with 
Memory 
BoM-B 
81MM 
C4 
" 
2 
2 
B DIR 
04 
dd 
2 
3 
B EXT 
F4 
.,h II 
3 
4 
BIND, 
X 
E4 
It 
2 
4 


BIND, 
Y 
18 E4 
If 
3 
5 


ASL 
loprl 
Arithmetic 
Shift 
Left 
- 


EXT 
78 
hh II 
3 
6 


IND, 
X 
68 
If 
2 
6 
0-1 I II 
I I I I 14-0 
IND, 
Y 
1B 68 
If 
3 
7 
ASLA 
C 
b7 
bO 
AINH 
46 
1 
2 


ASLB 
B INH 
58 
1 
2 


ASLD 
Anlh 
Shift 
Left Double 
o-rr::---::IJ-- 
0 
INH 
05 
1 
3 
C 
b15 
bO 


ASR 
lopr! 
Arithmetic 
Shift Right 
ql- 


EXT 
77 
hh II 
3 
6 


I II 
I I I r-.o 
IND, 
X 
67 
If 
2 
6 


b7 
bO 
C 
IND, 
Y 
1867 
If 
3 
7 


ASRA 
AINH 
47 
1 
2 


ASRB 
B INH 
57 
1 
2 


BCC Irell 
Branch if Carry Clear 
, C-O 
REL 
24 
rr 
2 
3 


BCLR loprl 
Clear Bitls! 
M-(mm) 
M 
DIR 
15 
dd mm 
3 
6 
Imsk! 
IND, 
X 
10 
ffmm 
3 
7 
IND, 
Y 
18,10 
ffmm 
4 
8 


BCS Irell 
Branch if Carry Set 
, C-1 
REL 
25 
rr 
2 
3 


BEG Irell 
Branch if = Zero 
IZ=l 
REL 
27 
rr 
2 
3 


BGE Irell 
Branch if ~ Zero 
'N 
•• V-O 
REL 
2C 
rr 
2 
3 


BGT Irell 
Branch if > Zero 
'Z+ 
IN •• V)-O 
REL 
2E 
rr 
2 
3 


• 


• 


Addressing 
Machine 
Coding 


Mode 
I Hexadecimall 


for 
Source Formls) 
Operation 
Boolean 
Expression 
Operand 
Opcode 
Operandls) 
, 
- 


BHllrell 
Branch if Hiqher 
'C+Z=O 
REL 
22 
rr 
2 
3 


BHS Irell 
Branch if Higher or Same 
? C=O 
REL 
24 
rr 
2 
3 


BITA 
lopr) 
Bitlsl Test A with Memory 
AoM 
A IMM 
B5 
ii 
2 
2 
A DIR 
95 
dd 
2 
3 
A EXT 
B5 
hh II 
3 
4 
AIND,X 
A5 
ff 
2 
4 
AIND, 
Y 
1B A5 
ff 
3 
5 


BITB 
lopr) 
Bit(s) Test B with Memory 
BoM 
B IMM 
C5 
ii 
2 
2 
B DIR 
05 
dd 
2 
3 
B EXT 
F5 
hh II 
3 
4 
BIND, 
X 
E5 
ff 
2 
4 
BIND, 
Y 
1B E5 
If 
3 
5 


BLE Irell 
Branch 
if :5 Zero 
'Z+ 
IN •• VI-1 
REL 
2F 
rr 
2 
3 


BLO Irell 
Branch if Lower 
? C-1 
REL 
25 
rr 
2 
3 


BLS Irell 
Branch if Lower or Same 
'C+Z-1 
REL 
23 
rr 
2 
3 


BLT Irell 
Branch if :5 Zero 
, N •• V-1 
REL 
20 
rr 
2 
3 


BMllrell 
Branch 
if Minus 
'N=l 
REL 
2B 
rr 
2 
3 


BNE Irell 
Branch if Not = Zero 
'Z~O 
REL 
26 
rr 
2 
3 


BPL Irell 
Branch 
if Plus 
?N=O 
REL 
2A 
rr 
2 
3 


BRA Irell 
Branch Always 
? 1-1 
REL 
20 
rr 
2 
3 


BRN Irell 
Branch Never 
? 1-0 
REL 
21 
rr 
2 
3 


BRCLR 
lopr) 
Branch 
if Bitlsl 
Clear 
? M·mm-O 
DIR 
13 
dd mm rr 
4 
6 
Imsk) 
IND, 
X 
1F 
ffmmrr 
4 
7 
Irell 
IND, 
Y 
1B 1F 
ffmmrr 
5 
B 


BRSET 
lopr! 
Branch if Bitls) Set 
? (MI-mm=O 
DIR 
12 
dd mm rr 
4 
6 
Imsk) 
IND, X 
1E 
ffmmrr 
4 
7 
Irell 
IND, 
Y 
1B 1E 
ffmmrr 
5 
B 


BSET lopr) 
Set Bitlsl 
M+mm-M 
DIR 
14 
dd mm 
3 
6 
Imsk) 
IND, X 
1C 
ffmm 
3 
7 
IND, Y 
181C 
ffmm 
4 
8 


BSR Irell 
Branch to Subroutine 
See Special 
ODS 
REL 
80 
rr 
2 
6 
BVC Irell 
Branch if Overflow 
Clear 
? V-O 
REL 
2B 
rr 
2 
3 


BVS Irell 
Branch if Overflow 
Set 
?V=l 
REL 
29 
rr 
2 
3 


CBA 
Compare 
A to B 
A-B 
INH 
11 
1 
2 


CLC 
Clear Carry Bit 
O-C 
INH 
OC 
1 
2 


CLI 
Clear Interrupt Mask 
0-1 
INH 
OE 
1 
2 


CLR lopr) 
Clear Memory 
Byte 
O-M 
EXT 
7F 
hh II 
3 
6 
IND, 
X 
6F 
ff 
2 
6 
IND, 
Y 
1B 6F 
ff 
3 
7 


CLRA 
Clear Accumulator 
A 
O-A 
AINH 
4F 
1 
2 


CLRB 
Clear Accumulator 
B 
O-B 
B INH 
5F 
1 
2 


CLV 
Clear Overflow 
Flag 
O-V 
INH 
OA 
1 
2 


CMPA 
lopr) 
Compare 
A to Memory 
A - 
M 
AIMM 
81 
ii 
2 
2 
A DIR 
91 
dd 
2 
3 
A EXT 
B1 
hh II 
3 
4 
AIND,X 
A1 
ff 
2 
4 
AIND, 
Y 
18 A1 
ff 
3 
5 


CMPB 
lopr) 
Compare 
B to Memory 
B-M 
B IMM 
C1 
ii 
2 
2 
B DIR 
01 
dd 
2 
3 
B EXT 
F1 
hh II 
3 
4 
BIND, 
X 
El 
ff 
2 
4 
BIND, 
Y 
18 E1 
ff 
3 
5 


Addressing 
Machine Coding 
Mode 
(Hexadecimal) 


for 
Source Form(s) 
Operation 
Boolean Expression 
Operand 
Opcode 
Operand(s) 
I 
- 


COM 
loprl 
l's Complement 
Memory Byte 
$FF - 
M-M 
EXT 
73 
hh II 
3 
6 
IND, X 
63 
ff 
2 
6 
IND, Y 
1863 
ff 
3 
7 


COMA 
l's Complement 
A 
$FF - 
A-A 
AINH 
43 
1 
2 


COMB 
l's Complement 
B 
$FF - 
B- 
B 
B INH 
53 
1 
2 


CPO (oprl 
Compare 
D to Memory 
D-M:M+1 
IMM 
lA 
53 
ii kk 
4 
5 
16 Bit 
DIR 
1A 93 
dd 
3 
6 
EXT 
1A 53 
hh II 
4 
7 


IND, X 
1A A3 
ff 
3 
7 
IND 
Y 
CD A3 
ff 
3 
7 


CPX lopr) 
Compare X to Memory 
IX-M:M+1 
IMM 
BC 
ii kk 
3 
4 
16 Bit 
DIR 
9C 
dd 
2 
5 
EXT 
BC 
hh II 
3 
6 
IND, 
X 
AC 
ff 
2 
6 
IND, 
Y 
CD AC 
ff 
3 
7 


CPY lopr! 
Compare Y to Memory 
IY-M:M+1 
IMM 
1B BC 
jj kk 
4 
5 
16 Bit 
DIR 
189C 
dd 
3 
6 


EXT 
18 BC 
hh II 
4 
7 
IND, 
X 
1A 1C 
ff 
3 
"1 
IND, 
Y 
18 AC 
ff 
3 
7 


DAA 
Decimal Adjust A 
Adj 
Sum to BCD 
INH 
19 
1 
2 


DEC lopr! 
Decrement 
Memory 
Byte 
M - 
1-M 
EXT 
7A 
hh II 
3 
6 


IND, X 
6A 
ff 
2 
6 


IND, 
Y 
186A 
ff 
3 
7 


DECA 
Decrement 
Accumulator 
A 
A - 
1-A 
AINH 
4A 
1 
2 


DECB 
Decrement 
Accumulator 
B 
B - 
1-B 
B INH 
5A 
1 
2 


DES 
Decrement 
Stack Pointer 
SP-1-SP 
INH 
34 
1 
3 


DEX 
Decrement 
Index Register X 
IX - 
1-IX 
INH 
09 
1 
3 


DEY 
Decrement 
Index Register Y 
IY - 
l-IY 
INH 
1809 
2 
4 


EORA (oprl 
Exclusive OR A with Memory 
A •• M-A 
AIMM 
88 
ii 
2 
2 
A DIR 
98 
dd 
2 
3 
A EXT 
B8 
hh II 
3 
4 
A IND, 
X 
A8 
ff 
2 
4 


AIND, 
Y 
18 A8 
ff 
3 
5 


EORB loprl 
Exclusive OR B with Memory 
B •• M-B 
81MM 
C8 
ii 
2 
2 
B DIR 
08 
dd 
2 
3 
B EXT 
F8 
hh II 
3 
4 
BIND, 
X 
E8 
ff 
2 
4 
BIND 
Y 
18 E8 
ff 
3 
5 


FDIV 
Fractional Divide 16 by 16 
DIIX-IX; 
r-D 
INH 
03 
1 
41 


IDIV 
Integer 
Divide 
16 by 16 
D/IX-IX; 
r-D 
INH 
02 
1 
41 


INC loprl 
Increment 
Memory 
Byte 
M+1-M 
EXT 
7C 
hh II 
3 
6 


IND, 
X 
6C 
ff 
2 
6 


IND 
Y 
186C 
ff 
3 
7 


INCA 
Increment 
Accumulator 
A 
A+1-A 
A INH 
4C 
1 
2 
INCB 
Increment 
Accumulator 
B 
B+1-B 
B INH 
5C 
1 
2 


INS 
Increment 
Stack Pointer 
SP+1-SP 
INH 
31 
1 
3 


INX 
Increment 
Index Register X 
IX+1-IX 
INH 
08 
1 
3 


INY 
Increment 
Index Register Y 
IY+1-IY 
INH 
1808 
2 
4 


JMP 
loprl 
Jump 
See Special 
Ops 
EXT 
7E 
hh II 
3 
3 
IND, 
X 
6E 
ff 
2 
3 
IND, Y 
186E 
ff 
3 
4 


JSR 
lopr! 
Jump to Subroutine 
See Special 
Ops 
DIR 
90 
dd 
2 
5 
EXT 
BD 
hh II 
3 
6 
IND, X 
AD 
ff 
2 
6 
IND, Y 
18 AD 
ff 
3 
7 


• 


II 


Addressing 
Machine 
Coding 
Mode 
I Hexadecimal) 
for 
Source 
Formls) 
Operation 
Boolean 
Expression 
Operand 
Opcode 
Dperandls) 
, 
- 


LDAA 
lopr) 
Load Accumulator 
A 
M-A 
AIMM 
86 
ii 
2 
2 


A DIR 
96 
dd 
2 
3 


A EXT 
B6 
hh II 
3 
4 


AIND. 
X 
A6 
ff 
2 
4 


AIND. 
Y 
1B A6 
ff 
3 
5 


LDAB 
lopr) 
Load Accumulator 
B 
M-B 
B IMM 
C6 
ii 
2 
2 
B DIR 
06 
dd 
2 
3 
B EXT 
F6 
hh II 
3 
4 


B IND. 
X 
E6 
ff 
2 
4 
BIND. 
Y 
IB E6 
If 
3 
5 


LDD loprl 
Load Double 
Accumulator 
0 
M-A. 
M+ 
I-B 
IMM 
CC 
jj kk 
3 
3 
DIR 
DC 
dd 
2 
4 
EXT 
FC 
hh II 
3 
5 
IND. 
X 
EC 
ff 
2 
5 
IND. 
Y 
18 EC 
If 
3 
6 


LOS loprl 
Load Stack. POinter 
M M+ 
I-SP 
IMM 
8E 
jj kk 
3 
3 
DIR 
9E 
dd 
2 
4 
EXT 
BE 
hh II 
3 
5 
IND. 
X 
AE 
ff 
2 
5 
IND. 
Y 
18 AE 
ff 
3 
6 


LOX lopr! 
Load Index 
Register 
X 
M.M+ 
I-IX 
IMM 
CE 
ii kk 
3 
3 
DIR 
DE 
dd 
2 
4 


EXT 
FE 
hh II 
3 
5 
IND. 
X 
EE 
ff 
2 
5 
IND. 
Y 
CD EE 
ff 
3 
6 


LDY loprl 
Load Index Register Y 
MM+ 
1 
IY 
IMM 
18 CE 
ii kk 
4 
4 
DIR 
18 DE 
dd 
3 
5 
EXT 
IB FE 
hh II 
4 
6 
IND. 
X 
IA 
EE 
ff 
3 
6 
IND. 
Y 
18 EE 
ff 
3 
6 
LSL lopr! 
Logical Shift Left 
- 


EXT 
78 
hh II 
3 
6 
IND. 
X 
68 
ff 
2 
6 
0--11 II I II I f+-o 
IND. 
Y 
IB 68 
ff 
3 
7 


LSLA 
C 
b7 
bO 
AINH 
48 
I 
2 


LSLB 
B INH 
58 
1 
2 


LSLD 
LOQlcal Shift Left Double 
0--0::=- --=:IJ---O 
INH 
05 
1 
3 
C 
bl5 
bO 


LSR lopr! 
Logical Shift Right 
• 


EXT 
74 
hh II 
3 
6 


0--.1 
I I 1I I I 11-.0 
IND. 
X 
64 
ff 
2 
6 
IND. 
Y 
IB 64 
ff 
3 
7 


LSRA 
b7 
bO 
C 
AINH 
44 
1 
2 


LSRB 
B INH 
54 
1 
2 


LSRD 
Logical ShIft Right Double 
0-0:::=-- 
-==0--0 
INH 
04 
1 
3 
bl5 
bO 
C 


MUL 
Mult,ply 
8 by B 
AxB-D 
INH 
3D 
I 
10 


NEG lopr) 
2'5 Complement 
Memory Byte 
O-M-M 
EXT 
70 
hh II 
3 
6 
IND. 
X 
60 
If 
2 
6 
IND. 
Y 
1860 
ff 
3 
7 


NEGA 
2'5 Complement A 
O-A-A 
AINH 
40 
1 
2 


NEGB 
2'5 Complement 
B 
0 
B-B 
B INH 
50 
1 
2 


NDP 
No Operation 
No Operation 
INH 
01 
1 
2 


DRAA 
lopr! 
OR Accumulator 
A 
A+M-A 
A IMM 
BA 
ii 
2 
2 


(Inclusive) 
A DIR 
9A 
dd 
2 
3 
A EXT 
BA 
hh II 
3 
4 
A IND. 
X 
AA 
ff 
2 
4 
A IND. 
Y 
18 AA 
ff 
3 
5 


DRAB 
lopr) 
OR Accumulator 
B 
B+M 
B 
B IMM 
CA 
ii 
2 
2 
(Inclusive) 
B DIR 
DA 
dd 
2 
3 
B EXT 
FA 
hh II 
3 
4 
B IND. 
X 
EA 
ff 
2 
4 
BIND. 
Y 
18 EA 
If 
3 
5 


Addressing 
Machine 
Coding 
Mode 
(Hexadecimall 
for 
Source Form(s) 
Operation 
Boolean Expression 
Operand 
Opcode 
Operand(5) 
I 
- 


PSHA 
Push A onto Stack 
A- 
Stk, 
SP~ 
SP-1 
AINH 
36 
1 
3 


PSHB 
Push B onto Stack 
B 
Stk, 
SP - SP - 1 
B INH 
37 
1 
3 


PSHX 
Push X onto 
Stack 
ILo Flrstl 
IX-Stk, 
SP-SP-2 
INH 
3C 
1 
4 


PSHY 
Push Y onto 
Stack 
ILo Flrstl 
IY-Stk, 
SP-SP-2 
INH 
1B 3C 
2 
5 


PULA 
Pull A from 
Stack 
SP- 
SP+ 
1, A- 
Stk 
AINH 
32 
1 
4 


PULB 
Pull B from 
Stack 
SP-SP+l, 
B-Stk 
B INH 
33 
1 
4 


PULX 
Pull X from Stack (Hi First) 
SP=SP+2,IX-Stk 
INH 
3B 
1 
5 


PULY 
Pull Y from 
Stack 
(Hi Flrstl 
SP ~ SP + 2, IY - 
Stk 
INH 
1B 3B 
2 
6 


ROL loprl 
Rotate 
Left 
0--1 I I I I II I ...-0 
EXT 
79 
hh II 
3 
6 
IND, 
X 
69 
If 
2 
6 
C 
b7_bO 
C 
IND, 
Y 
1869 
If 
3 
7 


ROLA 
AINH 
49 
1 
2 


ROLB 
81NH 
59 
1 
2 


ROR (oprl 
Rotate 
Right 
0--1 II I I I I I I-.cJ 
EXT 
76 
hh II 
3 
6 


IND, 
X 
66 
If 
2 
6 
C 
b7_bO 
C 
IND, 
Y 
1866 
If 
3 
7 


RORA 
AINH 
46 
1 
2 


RORB 
B INH 
56 
1 
2 


RTI 
Return from Interrupt 
See Special 
Ops 
INH 
3B 
1 
12 


RTS 
Return from Subroutme 
See Special Ops 
INH 
3B 
1 
5 


SBA 
Subtract 
B from A 
A-B-A 
INH 
10 
1 
2 


SBCA 
lopr! 
Subtract with Carry from A 
A-M-C-A 
AIMM 
82 
ii 
2 
2 
A DIR 
92 
dd 
2 
3 
A EXT 
82 
hh II 
3 
4 


AIND,X 
A2 
If 
2 
4 


AIND, 
Y 
18 A2 
ff 
3 
5 


SBCB 
loprl 
Subtract with Carry from B 
B-M-C-B 
B IMM 
C2 
" 


2 
2 


B DIR 
D2 
dd 
2 
3 


B EXT 
F2 
hh II 
3 
4 
B IND,X 
E2 
If 
2 
4 
BIND, 
Y 
18 E2 
If 
3 
5 


SEC 
Set Carry 
1-C 
INH 
OD 
1 
2 


SEI 
Set Interrupt 
Mask 
1-1 
INH 
OF 
1 
2 


SEV 
Set Overflow 
Flag 
1-V 
INH 
OB 
1 
2 


STAA 
(opr) 
Store Accumulator 
A 
A-M 
A DIR 
97 
dd 
2 
3 
A EXT 
87 
hh II 
3 
4 
AIND, 
X 
A7 
If 
2 
4 


AIND, 
Y 
18 A7 
If 
3 
5 


STAB 
lopr! 
Store Accumulator 
8 
B-M 
B DIR 
D7 
dd 
2 
3 
B EXT 
F7 
hh II 
3 
4 
BIND, 
X 
E7 
If 
2 
4 
BIND, 
Y 
18 E7 
ff 
3 
5 


STD (opr! 
Store Double Accumulator 
A-M, 
B-M+1 
DIR 
DD 
dd 
2 
4 


EXT 
FD 
hh II 
3 
5 
IND, 
X 
ED 
If 
2 
5 
IND, 
Y 
18 ED 
If 
3 
6 


II 


II 


Addressing 
Machine 
Coding 


Mode 
(Hexadecimal) 
for 
Source 
Form(s) 
Operation 
Boolean Expression 
Operand 
Opcode 
Operand(s) 
# 
- 


STOP 
Stop Internal Clocks 
INH 
CF 
1 
2 


STS (opr) 
Store Stack Pointer 
SP-M:M+1 
DIR 
9F 
dd 
2 
4 
EXT 
BF 
hh II 
3 
5 


IND, 
X 
AF 
ff 
2 
5 


IND, 
Y 
18 AF 
If 
3 
6 


STX 
(opr) 
Store 
Index 
Register 
X 
IX-M:M+1 
DIR 
OF 
dd 
2 
4 
EXT 
FF 
hh II 
3 
5 
IND, 
X 
EF 
If 
2 
5 
IND, 
Y 
CD EF 
If 
3 
6 


STY (opr) 
Store Index Register Y 
IY-M:M+1 
DIR 
18 OF 
dd 
3 
5 
EXT 
18 FF 
hh II 
4 
6 
IND, 
X 
lA 
EF 
ff 
3 
6 
IND, 
Y 
18 EF 
If 
3 
6 


SUBA 
(oprl 
Subtract 
Memory 
from A 
A-M-A 
AIMM 
80 
ii 
2 
2 
A DIR 
90 
dd 
2 
3 
A EXT 
BO 
hh II 
3 
4 
AIND,X 
AO 
If 
2 
4 
AIND, 
Y 
18 AD 
ff 
3 
5 


SUBB 
lopr) 
Subtract 
Memory 
from 8 
B-M-B 
B IMM 
CO 
ii 
2 
2 
B DIR 
DO 
dd 
2 
3 
B EXT 
FO 
hh II 
3 
4 
BIND, 
X 
EO 
If 
2 
4 
BIND, 
Y 
1B EO 
ff 
3 
5 


SUBD 
(oprl 
Subtract 
16-Bit from 
0 
D-M:M+1-D 
IMM 
83 
ii kk 
3 
4 
DIR 
93 
dd 
2 
5 
EXT 
B3 
hh II 
3 
6 
IND, 
X 
A3 
If 
2 
6 
IND, 
Y 
18 A3 
If 
3 
7 


SWI 
Software 
Interrupt 
See Special 
Ops 
INH 
3F 
1 
14 


TAB 
Transfer 
A to B 
A-B 
INH 
16 
1 
2 


TAP 
Transfer 
A to CC Register 
A-CCR 
INH 
06 
1 
2 


TBA 
Transfer B to A 
B-A 
INH 
17 
1 
2 


TEST 
TEST 
(Only in Test Modes) 
Addr 
Bus Counts 
INH 
00 
1 . 


TPA 
Transfer 
CC Register 
to A 
CCR-A 
INH 
07 
1 
2 


TSTlopr} 
Test for Zero or Minus 
M-O 
EXT 
70 
hh II 
3 
6 


IND, 
X 
60 
If 
2 
6 
IND, 
Y 
1860 
If 
3 
7 


TSTA 
A-O 
AINH 
40 
1 
2 


TSTB 
B-O 
B INH 
50 
1 
2 


TSX 
Transfer Stack Pointer to X 
SP+1-IX 
INH 
30 
1 
3 


TSY 
Transfer 
Stack 
Pointer 
to Y 
SP+1-IY 
INH 
1830 
2 
4 


TXS 
Transfer 
X to Stack 
Pointer 
IX 
1-SP 
INH 
35 
1 
3 


TYS 
Transfer Y to Stack Pointer 
IY-1-SP 
INH 
1835 
2 
4 


WAI 
Wait for Interruot 
Stack 
Reos & WAIT 
INH 
3E 
2 
.. 


XGDX 
Exchange 0 with X 
IX-D,D-IX 
INH 
8F 
1 
3 


XGDY 
Exchange 0 with Y 
IY-D,D-IY 
INH 
188F 
2 
4 


NOTES: 


* = Infinity 
or until 
RESET 
occurs. 


* * = Twelve cycles are used beginning with the opeode fetch. A wait state is entered which remains in effect for an integer number of MPU 
E-clock cycles (nl until an interrupt 
is recognized. 
Finally two additional cycles are used to fetch the appropriate 
interrupt 
vector 
114+ n totall. 


dd = 8-bit 
direct 
address 
ISOOOO-SOOFFIIhigh 
byte assumed 
to be SOO). 


ff=8-bit 
positive 
offset 
SOO10} to SFF 12551 lis added 
to index). 


hh = High order byte of 16-bit extended 
address. 
ii= One byte of immediate 
data. 


jj = High order byte of 16-bit immediate 
data. 
kk = Low order byte of 16-bit immediate 
data. 


II= Low order byte of 16·bit extended address. 


mm = 8-bit bit mask (set bits to be affected). 
rr= 
Signed 
relative 
offset 
S80 I -1281 
to S7F (+ 127) loffset 
relative 
to the address following the machine code offset byte). 
,= Number of bytes of machine code. 
- = Number of cycles required for execution. 


JSA. 
Jump 
to Subroutine 
I 


PC 
Main Program 


Direct 


RTN 


$9D=JSR 
I 


K 
I 
I 
Next 
Mam Instr. I 


K "" Direct 
Address 


Mam Program 


SAD- 
JSR 
I 


K - Offset 
I 


Next Mam Instr. 
I 


Main 
Program 


S18""Pre 


SAD- 
JSR 


K==Olfsel 


Next Main lnstr 


Mam Program 


SBD-JSA 


SH", Subr. 
Addr 


SL== Subr 
Addr. 


Next Main Inst 


INDXD,XIPC 


RTN 
I 


PC 


INDXD,V 
RTN 


I 


PC 


EXTND 
RTN 


RlS. 
Return from 
Subroutine 


Pc_I __ ~_:_~_o~_~_:e 
__ 
1 q 
SP:~~ 


SWI. 
Software 
Interrupt 
...• 
SP+ 2 ~ 


Mam Program 
SP 
Stack 
Pcl 
S3F-SWI 
~-'SP-9 


RTN =========== 
L..y' 
SP - 8 
SP-7 


SP-6 


CondlllOn 
Code 


Acmltr 
B 


AcmltrA 


Index Register 
(XHI 


Index Register 
(XL) 


Index Register 
(YH) 


Index Register 
(YLI 


RTNH 


RTNL 


SP-5 


SP-4 


SP-3 


SP-2 


PC 
Q 


SP-l 


RTN 
SP 


PCI==$3B~==Rn 
Iq 


""l, 


INDXD,vi 
PC 


X+KI- 
-N.-,-,-'n-st-,u-OI-,o-n- 


E"endedl 
PC 


K-I-N-,,-,-'n-st-,u-C-!io-n- 


SP 
SP 


SP+ 
1 


SP+2 


SP+3 


SP+4 


SP+5 


SP+6 


SP+ 7 


SP+8 


-.SP+9 


Condition 
Code 


Acmltr 
B 


Acmllf 
A 


Index 
Register 
(XH) 


Index Register 
IXL) 


Index Register 
IYH) 


Index 
Register 
IYLf 


RTNH 


RTNL 


Legend 


ATN = Address 
of next Instruction 
m Mam Program 
to be executed 
upon 
relurn 
from 
subroutine 
RTNW" 
Most 
significant 
byte of Return 
Address 
RTNL'" 
Least significant 
byte of Return 
Address 


- 
'" Stack 
Pointer 
After 
Execullon 
K - 8 blt Unsigned 
Value 
• 


• 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 to + 7.0 
V 
Input Voltage 
Vin 
-0.3 to + 7.0 
V 


Operating 
Temperature 
Range 
TA 
-40 to 85 
°c 


Storage Temperature 
Range 
Tstg 
55 to 150 
°c 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Plastic 52-Pin Quad Pack 
8JA 
50 
°C/W 


Plastic48-Pin DIP 
TBD 


The average chip-junction 
temperature, 
TJ, in °c can be obtained 
from: 


TJ = TA + 1PO·OJAI 


Where: 


TA = Ambient 
Temperature, 
°c 
°JA = Package Thermal Resistance, Junction-to-Ambient, 
°C/W 


Po = PINT + PliO 
PINT= ICC x VCC, Watts 
- 
Chip Internal Power 
PI/O= 
Power Dissipation on Input and Output 
Pins - 
User Determined 


For most applications 
PI/O< 
PINT and can be neglected. 


This device contains 
protective 
circuitry 


against 
damage 
due 
to 
high 
static 
voltages 
or electrical 
fields; 
however. 
it is 
advised that normal precautions be taken 
to 
avoid 
application 
of 
any 
voltages 
higher 
than maximum~rated 
voltages 
to 


this high-impedance 
circuit. 
Reliability of 


operation 
is enhanced 
if unused 
inputs 
are tied to an appropriate 
logic voltage 
level le.g., either GND or VCCI. 


An approximate 
relationship 
between 
Po and TJ (if PliO is neglected) 
is: 


PD = K + IT J + 273°CI 
(21 
Solving equations 
1 and 2 for K gives: 
K = PO.IT A + 273°C) + 0JA·P02 
(3) 
Where K is a constant 
pertaining to the particular part. K can be determined 
from equation 3 by measuring Po (at equilibrium) 
for a known TA. Using this value of K the values of Po and TJ can be obtained by solving equations (1) and (21iteratively for any 
value of TA. 


Characteristics 
Symbol 
Min 
Max 
Unit 


Output 
Voltage 
V 


ILoad= 
± 10.0~A 
All Outputs 
VOL 
- 
0.1 
Isee Note 11 
All Outputs 
Except RESET 
VOH 
VDD-0.1 
- 


Output 
High Voltage 
ILoad= 
-0.8 
mA, 
VDD=4.5 
V 


Isee Note 1) 
All Outputs 
Except RESET 
VOH 
VDD-0.8 
- 
V 


Output 
Low Voltage 


ILoad = 1.6 mA 
All Outputs 
VOL 
- 
0.4 
V 


Input High Voltage 
All Inputs 
VIH 
0.7x 
VDD 
VDD 
V 


Input Low Voltage 
All Inputs 
VIL 
Vss 
0.2x 
VDD 
V 


1/0 Ports, 3-State 
Leakage 
PA7, PCO-PC7, 
10Z 
- 
±10 
~A 
Vin = VDD or VIL 
PDo-PD5, 
AS/sTRA, 
Isee Note 31 
MODA/LlR, 
RESET 


Input Current 
lin 
~A 
Vin = VDD or VSs 
PAO-PA2, 
PEo-PE7,IRQ, 
XIRQ 
- 
±1 


Vin=VDD 
MODBlVpp 
- 
TBD 


Total 
Supply 
Current 
ISee Note 31 


RUN: 
Single 
Chip 
IDD 
- 
20 
mA 


Expanded 
Multiplexed 
- 
TBD 


WAIT: 
All Peripheral Functions Shut Down 
WIDD 
- 
4 
STOP: 
No Clocks, 
Single-Chip 
Mode 
SIDD 
- 
300 
~A 


Input Capacitance 
Cin 
pF 
PAo-PA2, 
PEo-PE7,IRQ, 
XIRQ, EXTAL 
- 
8 


PA7, 
PCO-PC7, PDO-PD5, 
As/STRA, 
MODA/LlR, 
RESET 
- 
12 


Power Dissipation 
PD 
- 
110 
mW 


NOTES: 


1. VOH specifIcation 
for reset is not applicable because it is an open-drain 
pin. 


2. See AID 
specification 
for leakage current for port E. 


3. All ports 
configured 
as inputs, 
VIL = 0.2 V, VIH = VDD - 0.2 V, no de loads. 
EXTAL 
is driven 
by square wave. 
CL = 20 pF on EXTAL. 


tcyc = 500 ns. 


FIGURE 6 - 
EQUIVALENT 
TEST 
LOAD 


VDD 


Pins 
Rl 
R2 
C 


PAO-PA7 
3.26 kO 
2.38 kO 
90 pF 


PBO-PB7 
PCO-PC7 
PDO, PD5 


PD1-PD4 
3.26 kO 
2.38 kO 
200 pF 


• 


• 


Characteristics 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
MHz 
Crystal Operation 
fXTAL 
- 
8.4 


External 
Clock 
Option 
4fo 
dc 
8.4 


Internal Operating 
Frequency 
fa 
MHz 
Crystal 
Option 
(fXTAL 
+ 41 
- 
2.1 
External Clock Option 
dc 
2.1 


Crystal 
Oscillator 
Startup 
Time 
(See Figure 71 
trc 
- 
100 
ms 


Crystal Oscillator Stop Recovery Startup Time (See Figure 8) 
tlLCH 
100 
ms 


Wait 
Recovery 
Startup 
Time 
(See Figure 
131 
tlVASH 
- 
2 
Ecyc 


Processor Control Setup Time 
(See Figure 7) 
tpcs 
TBD 
- 
ns 


Reset Low 
Time 
(Output 1 
tRCCM 
3 
4 
Ecyc 


Reset Rise Time for 
Internal 
Reset (See Figure 
10 and Note 
11 
tlRR 
- 
2 
Ecyc 


Reset Input 
Pulse Width 
ISee Figure 7 and Note 21 
PWRSTL 
2 
- 
Ecyc 


Interrupt 
Pulse Width 
Low, 
IRQ Edge-Triggered 
Mode 
(See Figure 
111 
PWIRQ 
125 
- 
ns 


Timer 
Input 
Capture 
Pulse Width 
ISee Figure 
121 
PWTlM 
200 
- 
ns 


Pulse Accumulator 
Input 
Pulse Width 
ISee Fioure 
121 
PWTlM 
200 
- 
ns 


NOTES: 


1. This is the maximum 
time that external components 
should delay RESET rising so that internal COP and clock monitor interrupts can be 


recognized. 
2. This is the minimum time that RESET must be held low for an external reset if not preempted by an internal reset (COP or clock monitorl. 


To guarantee an external reset vector will be generated, 
RESET must be held low for a minimum of 8 E cycles. 


1 


1 


VDD/I 


EXTAL~ 
I.. 
"I" 
r, 
r 
I 
L...J 


• 


• 


~OO//7Z!:?ZO 


pWiiSTc 


Internal 
n n 
_____ 
1 
L.J 
Y 


Clock 


iii03 


XIR06 


NOTES: 


1. Represents 
the internal 
gating 
of the EXTAL 
pin. 
2. Edge-sensitive 
iRCi pin II ROE bit = 11. 
3. Level-sensitive 
Tii'(l' pin (IROE bit=OI. 


4. !.S.Iill'.DL 
Y ~ 4064 teye if DL Y bit ~ 1 or 4 teye if DL Y bit = O. 
5. RESET 
vector 
address 
shown 
for timing 
example. 


6. X'il'iQ 
will cause STOP recovery 
regardless 
of X bit state. 
7. No vector 
if STOP terminated 
by X'il'iQ 
and no interrupt 
pending. 


l-.w,m ~ 


tMPs=j 


_1""t 


RESET 
~____ 
~ 


4PWTIMr- 


• 


IRQ, XIRQ, or 
J 
Internal 
~------------~ 
'""'''~ 
~""'"l 


First Opcode 
Int. Service 


Routine 


\~_~~ 
__~r 


PRELIMINARY 
EXPANSION 
BUS TIMING 
1VOO=5.0 
Vdc±10%, 
VSS=O 
Vdc, TA=25°C±5%, 
unless otherwise 
noted. 
See Figure 141 


1.05 MHz 
2.1 MHz 
Num 
Characteristic 
Symbol 
Min 
Max 
Min 
Max 
Unit 


1 
Cycle Time 
tcyc 
952 
- 
476 
- 
ns 


2 
Pulse Width, 
E Low 
PWEL 
400 
- 
200 
- 
ns 


3 
Pulse Width, 
E High 
PWEH 
420 
- 
210 
- 
ns 


4 
E Rise and Fall Time 
t, 
Tf 
- 
25 
- 
20 
ns 


9 
Address 
Hold Time 
ISee Note 
11 
tAH 
50 
- 
30 
- 
ns 


12 
Non-Muxed 
Address 
Valid 
Time to E ISee Note 21 
tAV 
200 
- 
75 
- 
ns 


17 
Read Data Setup Time 
tDSR 
60 
- 
30 
- 
ns 


18 
Read Data Hold Time 
tDHR 
10 
60 
10 
80 
ns 


19 
Write 
Data Delay Time 
tDDW 
225 
110 
ns 


21 
Write 
Data Hold Time 
tDHW 
50 
30 
ns 


22 
Muxed 
Address Valid Time to E Rise (See Note 21 
tAVM 
200 
75 
ns 


24 
Muxed 
Address 
Valid 
Time to AS Fall (See Note 2) 
tASL 
60 
- 
20 
- 
ns 


25 
Muxed 
Address 
Hold Time 
ISee Note 
11 
tAHL 
50 
- 
30 
- 
ns 


26 
Delay Time, 
E to AS Rise ISee Notes 
1 and 21 
tASD 
90 
- 
40 
- 
ns 


27 
Pulse Width, 
AS High ISee Note 2) 
PWASH 
200 
- 
90 
- 
ns 


28 
Delay Time, 
AS to E Rise ISee Notes 
1 and 21 
tASED 
90 
- 
40 
- 
ns 


29 
MPU 
Address 
Access 
Time 
IComputed- 
See Note 21 
tACCA 
615 
- 
275 
- 
ns 
112 or 221 Whichever 
Is Smaller, 
Address 
Valid 
+ 4 Clock Rise Time 
+ 3 Pulse Width, 
E High 
- 17 Read Data Setup 
Time 


35 
MPU 
Access 
Time 
IComputed- 
See Note 21 
tACCE 
- 
390 
- 
180 
ns 
3 Pulse Width, 
E High 
- 17 Read Data Setup 
Time 


36 
Multiplexed 
Address 
Delay 
tMAD 
120 
- 
80 
- 
ns 
IPrevious 
Cycle MPU 
Read) 


37 
Internal 
Read Data Valid 
Before 
E 
tlRV 
10 
- 
25 
- 
ns 


36 
Multiplexed 
Address 
Off Before 
E 
tADP 
0 
- 
0 
- 
ns 


39 
Write 
Data Setup 
Time 
(Computer- 
See Note 2) 
tDSW 
195 
- 
110 
- 
ns 
3 Pulse Width, 
E High 
- 19 Write 
Data Delay Time 


NOTES: 
1. Affected 
by input 
clock 
duty 
cycle 
IXTAL, 
EXTALI. 


2. At specified cycle time. 


• 


{ 


READ 


ADDR/DATA 
(Multlplexedl 


WRITE 


• 


NOTES: 


,. Output 
voltage 
levels shown 
are VOL and VOH: 
input 
levels shown 
are VIL and VIH. 
2. Measurement 
points shown for outputs are VOL. VOH, 
VIL, and VIH as appropriate. 
3. Address 
Access 
Time 
is computed 
by: 112 or 221+4+3-17. 
4. No device should drive Port C except when E is high or contention 
may result. 


5. E lenablel 
Access 
Time is computed 
by: 3-17. 


® MOTOROLA 


The MC68HC68A1 is an HCMOS serial10-bit analog-to-digital 
lAID) 
converter. Interface to the AI D converter is through a standard serial 
peripheral interface (SPIl unit. This device can interface directly with 
the MC68HC05D2 microcomputer without additional components. 
The 
following 
IS 
a 
summary 
of 
the 
features 
offered 
by 
the 
MC68HC68A1. 


• 
10 Bits of Resolution 


• 
Eight Bits of Accuracy 


• 
Serial Peripheral Interface Capability 


• 
Conversion Time 100 /'s Maximum 


• 
Eight Analog Input Channels 


• 
Common Mode VDD-VSS 


• 
Continuous or Single-Channel Scan 


• 
Sample and Hold Capability 


• 
Schmitt Oscillator Clock Input 


The MC68HC68A 1 is an HCMOS 10-bit analog-to-digital 
converter. 


Interface to the MC68HC68A 1 is through a standard serial peripheral in- 
terface ISPI!. Data is shifted in on the shift-data-in (SDIl pin and out on 
the shift-data-out 
ISDO) pin synchronous with the second edge of the 
shift-clock (SCK) pin following chip enable ICE) being activated. This 
device is compatible with the MC68HC05D2 microcomputer and will in- 
terface directly without additional components. 


The MC68HC68A 1 performs a lO-bit analog-to-digital conversion in a 
maximum conversion time of 100 microseconds. 
Data out from the 
device is transferred in two 8-bit bytes using the serial peripheral inter- 
face burst mode operation. 
The most significant 8-bit byte contains 


data in valid bits which the controlling microcomputer can monitor to 
insure 
correct 
data. 
One of eight analog channels can be accessed through three of the 
eight address bits. 
Additional 
address information 
can be used to 
establish the systems operation to allow for system polling or interrupt 
driven communications 
from the controlling 
microcomputer. 
The ad- 


dress register will allow direct access to any of the sixteen 8-bit on-chip 
registers containing the eight channels of AID information. 


The device is available in a 16-pin package and contains an on-chip 
Schmitt oscillator clock input which can be directly driven by a system 
clock or connected to an external capacitor to develop an independent 
clock for the AI D device. 


HCMOS 


(HIGH-DENSITY 
CMOS 


SILICON-GATEI 


SERIAL 
10-BIT 


ANALOG- TO-DIGITAL 


CONVERTER 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


PIN ASSIGNMENT 


OSC 
16 
VOO 


INT 
15 
A2 


SOD 
14 
.J 


SOil 
1- 
A4 


SCK 
12 
IA5 


CE 
11 
A6 


At 
10 
'A7 


VSS 
lAB 


• 


II 
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The MC68HC68Rl 
and MC68HC68R2 are serially organized 128-word 


(MC68HC68RlI 
or 256-word (MC68HC68R21 by 8-bit static r~ndom ac- 


cess memories IRAMsl. 
These RAMs are intended for use in systems 


where 
minimum 
package 
and 
interconnect 
size, 
low 
power, 
and 


simplicity 
of use are desirable; 
for example, 
in systems 
utilizing syn- 


chronous serial3-wire 
(clock, data in, data outl interfaces. Interface can 


be made with the MC68HC05D2 without 
additional 
components, 
pro- 
vided the MC68HC05D2 SPI control 
register bits CPHA and CPOL are 
set. 


• 
Fully Static Operation 


• 
Operating Voltage 
Range: 3 V to 5.5 V 


• 
Maximum 
Standby 
Current = 2 p.A 


• 
Directly Compatible with SPI Interface 


• 
Separate Data Input and Data Output 
Pins 


• 
Input Data and Clock 8uffers 
Gated Off with Chip Enable 


• 
Protocol 
for Fast Sequential Multiple 
Byte Accesses 


• 
Minimum 
Data Retention Voltage: 2 V 


• 
Small 8-Lead Plastic Package 


MC68HC68Rl 
MC68HC68R2 


HCMOS 


(HIGH-DENSITY 
CMOS SILICON-GATEI 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
626 


SCKD8 
VOO 
SS 
2 
7 
SOl 


See Note 
3 
6 
SOa 


VSS 
4 
5 
CE 


NOTE: 


Pin 3= N/C for MC68HC68Rl 


Pin 3= A7 for MC68HC68R2 


CHIP ENABLE AND SLAVE SELECT (CE AND SS) 


A high level on the CE pin, coincident 
with a low level on 


the SS pin, is required for the RAM serial interface logic to 
become enabled. The device is held in the reset state if either 
CE is low or SS is high. 


SERIAL CLOCK (SCKI 


This clock input is used to synchronously 
latch data in and 
shift data out of the RAM chip. 


SERIAL DATA 
IN (SDI) 


Serial data, present at this port. is latched into the RAM 
chip by SCK if the chip is enabled and in a write cycle. 


SERIAL DATA OUT (SDO) 


Serial data is shifted out of this port by SCK if the RAM 
chip is enabled and in a read cycle. 


VDD AND VSS 
The VDD pm IS the + 5 volt power supply and VSS is the 
ground 
reference pin. 


ADDRESS 
LINE (A7l - 
MC68HC68R2 ONLY 


This address input is used in the 256-word RAM version to 
select either of two 
128-word memory areas. (Address bits 
AO-A6, 
used to provide 
the address within 
the 128-word 


memory area in both the MC68HC68Rl 
and MC68HC68R2 
versions, are the seven least significant 
bits of the first serial 
8-bit byte received at the SDI port at the start of a read or 
write cycle. The most significant 
bit of this first byte is the 
read/write 
mode bit.! 


FORMAT 


Two type of 8-bit bytes are used when storing or retrieving 
data in the RAM chip, as shown in Figure 1 


Sit 
7 
6 
5 
4 


I R/W I A6 
A5 
A4 


3 
2 
1 


A3 
A2 
Al 


AO-A6 
The seven least significant RAM address bIts, sufficient 
to address 128 bytes. 
R/W 
Read or write data transfer control bit. R/W=O 
initiates 
one or more memory read cycles; R/W::: 
1 initiates one 
or more memory write cycles 


Sit: 
7 
6 


07 
06 
5 
4 
3 
2 


05 
04 
03 
02 


• 


• 


out the entire transfer, whether single or multiple, as shown 
in Figure 2. 


TIMING 


Address, control, 
or data bits are latched into RAM by the 


rising edge of SCK during a write cycle. During a read cycle, 
the rising edge of SCK shifts out the data bits. Bit switching 
occurs during the trailing edge of SCK and ensures that the 
bit value is valid when the SCK rising edge occurs, as shown 
in Figure 3. 


Data transfers, occurring 
only while CE is high and SS is 
low, are either single data byte or multiple 
data transfers. 
Only only address byte is required for each type of transfer. 
For multiple 
transfers, 
the RAM 
automatically 
increments 


the address as long as it remains enabled. However, anytime 
enabling signals CE and SS are removed, RAM is reset, and 
when re-enabled, interprets the first word received as an ad- 
dress word. Therefore, 
RAM must remain enabled through- 


CE --l 
\_-- 


Data 71/IIn~Add_ress 
B_yte 
Dat_aByt_e _W/$//IIJ1/ff/////!h 


CE ---.I 


R/W 
Address= Address Byte 


R/W 
Address= Address Byte+ 1 


R/W 
Address~ Address Byte+ In-lI 


I 
I 


SOl 
~ 
AO 
X 
><== 


I__ 
Bit Switching Clock 


SDO==x 
X 
D_7__ 
~~ 
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REAL-TIME 
CLOCK 
PLUS 
RAM 
AND 
POWER 
SENSE/CONTROL 


The MC68HC68T1 HCMOS clock/RAM 
peripheral contains a real- 


time clock/calendar, 
a 32x8 static RAM, and a synchronous, serial, 


three-wire 
interface 
for 
communication 
with 
a 
microcomputer. 
The 
followlnq summarizes the features of the MC68HC68T1 


• 
Full Clock Features - Seconds, Minutes, Hours lAM/PM), 
Day-of- 


Week, Date, Month, Year 10-991,Auto leap Year 


• 
32 Word by 8-811RAM 


• 
Minimum Operating Voltage 2.2 Volts 


• 
Burst Mode for Reading/Writing 
Successive Addresses in Clock 
or RAM 


• 
Selectable Crystal or 50/60 Hz line Input 


• 
BCD Data Contained in Registers 


• 
Buffered Clock Output for Driving CPU Clock, Timer, Colon, or 
LCD Backplane 


• 
Power-On-Reset with Flrst-Time-Up Flag 


• 
Freeze Circuit Eliminates Software Overhead DUring a Clock Read 


• 
Three Independent Interrupt Modes - 
Alarm, Periodic, or 


Power-Down Sense 


• 
CPU Reset Output - 
PrOVidesOrderly Power Up/ Down 


• 
Watch-Dog CircUit 


• 
Auto Switchable Clock 


The MC68HC6811 HCMOS clock/RAM 
peripheral contains a real- 


time clock/calendar, 
a 32x 8 static RAM, and a synchronous, serial, 


three-wire 
Interface 
for 
communication 
wIth 
a 
microcomputer. 


Operating In a burst mode, successive clock or RAM locations can be 
read or written 
uSing only 
a single starting 
address. An on-chip 
oscillator allows acceptance of a selectable crystal frequency or can be 
programmed to accept a 50/60 hertz line Input frequency. 


Three 
pins 
give 
the 
MC68HC68T1 
the 
capability 
for 
sensing 
powerup/powerdown 
conditions, a capability useful for battery-backup 
systems. 
The 16-pln dual-in-line 
package has an Interrupt 
output 
capable of Signalling the microcomputer 
of the occurrence of three 
separately selectable conditions. An alarm can be set for comparison 
with the seconds, minutes, and hours registers. This alarm can be used 
In conjunction with the power supply enable output to Initiate a system 
power-up sequence 
A software power-down sequence can be Initiated by setting a bit In 
the Interrupt control register. This applies a reset to the CPU, using the 
CPU RESET output, 
sets the clock IClK) 
and power supply enable 
IPSE) output pinS low, and disables the serial Interface. This condition 
ISheld until an edge ISsensed on the varying power sense IVPS) input, 
Signalling system power coming on, or by activation of a previously 
enabled interrupt. 


A watCh-dog CIrcuit can be enabled that requires the microcomputer 


to toggle the chip enable ICEI pin of the MC68HC68Tl approximately 
every 8 microseconds, 
Without 
performing 
a serial transfer. 
If this 
condition ISnot sensed, the CPU RESET line resets the CPU. 


A block diagram of the MC68HC68Tl 
IS shown In Figure 1. 


REAL-TIME 
CLOCK 
PLUS RAM AND 
POWER SENSE/CONTROL 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


PIN ASSIGNMENT 


CLK OUT 1. 
VDD 


CPUR 
2 
XTAL 
IN 


INT 
XTAL 
OUT 


SCK 
CLK 
MODE 


SDI 
5 
12 
50/60 
Hz 


SDO 
6 
11 
VPS 


CE 
10 
paR 


VSS 
8 
9 
PSE 


• 


XTAL 


XTAL 


VDD 
0---- 


VSS 
0-- 


SCK 


SDO 


SDI 


CE 


MODE 


MODE 


• 


CLOCK OUTPUT (CKL OUT) 


This signal is the buffered clock output which can provide 
one of fifteen selectable frequencies. 


CPU RESET (CPUR) 


This output can be used to drive the CPU reset pin to per- 


mit orderly powerup/powerdown. 


INTERRUPT (INTI 


The interrupt output is driven by a single NFET pulldown 
transistor and can be activated by three selectable condi- 


tions. 


SERIAL CLOCK (SCK) 


The senal clock input is used to latch data Into, and shift 
data out of, the interface logic. 


SERIAL DATA IN (SDI) 


The serial data input, present at this port, is latched into 
the Interface logic, by SCK, If the logic ISenabled. 


SERIAL DATA OUT (SDO) 


The serial data ouput, present at this port, is shifted out of 
the interface logic, by SCK, if the logic is enabled. 


CHIP ENABLE (CE) 


When high, the chip-enable input enables the interface 
logic. Otherwise the logic ISIn a reset state. The watch-dog 
circuit can be toggled at this pin. 


POWER SUPPLY ENABLE (PSE) 


The power supply enable output is used to control system 


power and is enabled high on a varying power sense edge, 
an Interrupt, or a power-on reset. PSE is set low by writing a 
high into 
the power-down 
bit of 
the Interrupt 
control 


register. 


POWER-ON 
RESET (POR) 


This Schmitt trigger generates a power-on reset signal us- 
ing an external RC network. 


VARYING POWER SENSE (VPS) 


The varYing power sense Input is connected to system 
power and detects a positive edge that Indicates a switch 
from battery-backup 
power to an external power source. 


ThiS actIOn disables the CPUR output, enables the PSE out- 
put and switches to line from crystal operation, if the auto 
sWl1chableclock option in being used. If this pin is not used, 
it should be connected to VDD. 


LINE SENSE (50/60 Hz) 


The line sense Input can be used to drive two functions. If 
the clock is selected for line operation, a Schmitt trigger in- 
put senses the 50/60 Hz input. If the power sense Interrupt is 
enabled, this input is used to sense when external power to 
the system is turning off. If this pin is not used, it should be 
connected to VDD. 


CLOCK MODE SELECT (CLK MODE) 


When tied to VDD, the clock mode select intput selects 


the clock output for XTAL following a power-on reset. When 
tied to VSS, the clock output is disabled following a power- 
reset. 


CRYSTAL INPUT/OUTPUT 
(XTAL IN AND XTAL OUT) 


For crystal operation, these two pins are connected to a 
32768 hertz, 1.048576 megahertz, 2.097152 megahertz, or 
4.194304 megahertz crystal. If crystal operation is not re- 
quired, connect XTAL IN to VDD or VSS and leave XTAL 
OUT open. If an external clock is used, connect the external 
clock to XTAL IN, and leave XTAL OUT open. 


VDD AND VSS 


Power is supplied to the MC68HC68Tl 
uSing these two 
pins. VDD is the + 5 volts power input and VSS is the power 
supply ground reference pin. 


TRANSFER FORMAT 


Data transfers, occurring only while CE is high are either 
single data byte or multiple data byte transfers. Only one ad- 
dress byte is required for each type of transfer. 


For mulitple transfers, the clock/RAM 
automatically 
in- 
crements the address as long as it remains enabled. The 
clock/RAM 
must remain enabled between transmission of 


address and data bytes or between successive data bytes in 
the case of mulitple byte transfers. The serial control logic in 
the clock/RAM 
IS held reset when the clock/RAM 
IS not 
enabled or the software 
powerdown 
is enabled Irefer to 
Figure 2). 


SERIAL DATA FORMAT 


The address, control, and status 8-bit byte formats, used 


in the clock/ RAM registers, are shown in Figures 3 through 9. 


• 


II 


CE~ 


Data ~ 
Address 
Byte 
I~ 


CE~ 


Data ~ 
Address 
Byte 
__ 
D_a_t_a_B_y_te 
D_a_ta_B_Yt_e 
__ I: • : 1 
D_at_a_B_Y_te 
__ I~ 


:;~:::: : :: ::::: :",: 
1 
1 


Read/Write: 
Read or wnte data transfer control 
bit. 
R/W=Q 
in- 
Itiates one or more write cycles. 
R/W = 1 Initiates 
one or more read cycles. 


Clock/RAM: 
Clock or RAM select bit. If bit 15set high, the 
clock 
15 selected. 
If bit is set low, the RAM is 
selected 


6 
5 
1 
0 


==D=7====D=6==~==D=4=====D=3====D=2==~ 


FIGURE 5 - 
CLOCK 
DATA 
REGISTERS 


7 
6 
0 


SOO 
X 
Tens of 
Seconds 
Seconds 
Units 


6 
0 


SOl 
X 
Tens of 
Minutes 
Minutes 
Units 


7 
5 
4 
0 


S02 
~ 
X 
IAMIPMI10 
HR I 
Hours 
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FIGURE 6 - 
ALARM 
DATA 
REGISTERS 
(WRITE 
ONLY) 
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FIGURE 7 - 
CLOCK 
CONTROL 
FORMAT 


5 
4 
1 


This bit 
hIgh enables 
the clock 
counters, 
A low 
resets all counter 
bits 
diVIder stage 
and 
Inhibits 
clock operation. 


This 
bit 
high, 
selects 
clock 
operation 
on 
the 
5O/60Hz input. 
If low, 
It enables crystal operation 
If line operation 
1$ selected 
and the power 
sense 
Interrupt 
1$ enabled, 
operation 
IS automatically 
SWitched 
to 
crystal 
operation 
at 
power 
off. 
If a 
rising edge 
1$ sensed on the VPS pin, line operation 


1$ automatically 
selected. 
If necessary, 
the crystal 
can then be tuned for battery~back<up operation. 


O· 
Disable 
1 . 1 Hz 


2· 
2 Hz 
3 - 50 Hz. 60 Hz. 
or 64 Hz 


4 - XTAL 
5- 
XTAL 
%2 
6 - XTAL 
%4 


7 - XTAL 
%8 


All regIster 
bits can be read, and are automatically 


reset by POR except 
the clock 
out 2 bit. 
1f clock 


mode input 
pin is low, clock out 2 is reset on POR. If 


clock mode is high, clock out 2 is set on POR, per- 
mitting 
the clock output 
pin to dnve an MPU clock 
input. 


• 


Watch 
Dog: 
This 
bit high enables 
watch-dog 
function. 
This 
requires 
CPU to toggle 
chip enable Input without 
a 
senal 
transfer. 
Otherwise, 
the 
CPU 
RESET sIgnal 
resets 
CPU. 
Maximum 
time 
between 
toggling 
depends 
on input 
clock 
selected, 
as listed below 
Selected 
Clock 
50 Hz 
60 Hz 
XTAL 
Maximum 
Time 
10 ms 
8.3 ms 
7.8 ms 


Power 
Down 
ThIs bit high, 
initiates 
a power 
down. 
This applies a 
CPU reset, sets the clock and PSE output 
pinS low, 


and 
disables 
the 
senal 
Interface. 
Power 
down 
IS 
released 
If a previously 
enabled 
interrupt 
becomes 
active 
or 
the 
VPS 
pin 
senses 
a 
rising 
edge, 
signalling 
CPU power up 


Power 
Sense: 
This 
bit high enables 
sense 
cirCUits 
to detect 
main 
power 
down 
via 
the 50/60 
Hz Input pin. This 
activates 
a threshold 
detector 
centered 
at VOD. 
Maximum 
time required 
to sense power down 
IS2.5 
ms 
plus 
associated 
RC 
time 
constant 
of 
Input 
cirCUit. 
For this 
function, 
the crystal 
need not 
be 
enabled. 
but proper selection/operation 
ISrequired 
The 
circuit 
is 
automatically 
disabled 
after 
the 
Interrupt 


These four 
bits select 
periodiC Interrupt 
frequen- 


cy. 
Selectable 
options 
are listed below 
0- 
Disable 
1 - 2048 Hz XT AL Only 
2 - 1024 Hz XTAL 
Only 


3 - 512 Hz XTAL 
Only 


4 - 256 Hz XT AL Only 
5 - 128 Hz XTAL 
Only 


6 - 50 Hz, 60 Hz, or 64 Hz line or XT AL 
7 - 32 Hz XTAL 
Only 


8 - 32 Hz XTAL 
Only 


9 - 8 Hz XTAL 
Only 
10 - 4 Hz XTAL 
Only 


11 - 2 Hz 
12 - 1 Hz 
13 - Minute 
14 - Hour 
15 - Day 


All bits In the register 
can be read to as well as 
being written 
to 
All bits are also rest by the 
power-on-reset. 


x 
X 
Test 
First 
Int 
Power 
Clk 
Alarm 


Mode 
Time 
True 
Sense 
Int 
Int 
Up 
Int 


If clock/ 
RAM 
enters 
test mode, 
this bit goes 
high. 
Test mode and thiS bit are reset by a POR 
or a status 
register 
read. 


This bit high Signifies 
that a POR has occurred. 
This occurs 
If data in clock/RAM 
IS not correct 
and should 
be initiahzed 
This bit is reset by a 
status 
register 
read 


This bit high signifies 
a valid power. 
clock 
or 
alarm interrupt. 
This bit IS reset on a register 
read. 


This bit high Indicates 
a power 
sense interrupt. 


The MCU can now 
initiate 
a power 
down 
se- 
quence. 
This bit is reset on a read 


All register 
bits are reset by POR except 
the flrst 
time up bit, which 
is set. The Interrupt 
output 
is 
reset on a register 
read 


Bridge 


Regulator 


-L 
. 
VOO 
POR 
I 
Voo 
- 
60/50HZ 
- 
~ 
INT 
IRQ 


VOS 
c::::J 


;::: 
J 
uiE 
CPUR 
RESET 
"' 
...-u 
1B 
a;I 
CE 
PORT 
u 
iE 
I 
U::; 
SCK 
SCK 


SOl 
soa 


VSS- 
CM 
SOD 
SOl 


• 


• 


10 


I 
I 
13 
16 
40 


VOO 
15 
CM 
VOO 
paR 
11 
VOO 


RTC 
VPS 
MC6805 


XTAlD 


MC68HC68T1 
RTC 
INT 
IRQ 
14 
CPUR 
RESET 
39 
ClK 
OUT 
aSC1 


12 
28 
60/50 
Hz 
CE 
PORT (E.G. PCOI 
6 
31 
SOa 
SOl 
32 
SOl 
SOa 
33 
SCK 
SCK 


NOTE: 
The 50/60 
Hz Input 
can dnve the clock and sense when 
the 
switch opens. The switchable 
clock option can be used. Also 
one crystal can be used by employing the clock output pin with 
the clock mode 
Input 
tied to VOO 


NOTE" 
To power 
down 
the system, 
the CPU can give the clock 
a 
power down instruction, 
Before powenng 
down, 
the Interrupt 
can be programmed 
uSing the alarm option, 
to permIt the Inter- 


rupt to power the system back up with the PSE output. 
An ex- 


ternal sWitch can be Included to power the system up indepen- 
dent of a programmed 
power up 


• 


IRQ 


RESET 


OSC1 


PORT 


SCK SOD 
SOl 


• 


+ 


12 Volt 


VBATT 


RTC 


MC6BHC6BTl 


PSE 


INT 


CPUR 


ClK 
OUT 


CE 


NOTE: 
The VPS and 50/60 
Hz mputs can be used to sense the Igmtlon 
turning on and off. The RC time constant on the VPS pin must 
be made long enough to be able to perform a power down se- 
quence. 
An external $wtlch 
IS Included to activate the system 
without 
turning on the Ignition 


MC6805 


IRa 


RESET 


OSC1 


PORT 
SCK 
SDO 
SDI 


® MOTOROLA 


Specifications 
and Applications 
Information 


Intended 
to supply 
the non-overlapping 
¢1 and ¢2 clock signals 
required 
by the microprocessor, 
this clock generator is compatible 


with 
1.0, 
1.5, and 2.0 MHz versions of 
the MC6800. 
80th 
the 
oscillator 
and high capacitance driver elements are included 
along 
with 
numerous 
other 
logic 
accessory functions 
for 
easy system 
expansion. 
Schottky 
technology 
is employed for high speed and PNP-buftered 
inputs are employed for NMOS compatibility. 
A single +5 V power 
supply, 
and a crystal or RC network 
for 
frequency 
determination 
are required. 


MC6875 
MC6875A 


M6800 TWO·PHASE 
CLOCK 
GENERATOR/DRIVER 


SCHOTTKY 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620-02 


Xl 
Vcc 


ADDRESS 
X2 
MPUf/>1 


AND 
Ext 
In 
Rent Output 


CONTROL 
DATA 
4)( 
fa 
MPU 
<1>2 
BUS 
BUS 
2 x fo 
Power-On 
Reset 
Memorv 
OMA/Ref 
Grant 
Ready 
Bus 
r/J2 
OMA/Ref 
Aeq 


Ground 
Memory 
Clock 


ORDERING 
INFORMATION 
Devi~ 
I 
Temperatur. R• .,.. 
Podc_ 


MC6875L 
I 
o to +70oC 
C.r.mic Dip 
MC6875AL 
I 
-55 
to +1250C 
I Ceramic 
Dip 


• 


• 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
+7.0 
Vde 


Input 
Voltage 
VI 
+5.5 
Vde 


Operating 
Ambient 
Temperature 
Range 
TA 
°c 
MC6875L 
o to +70 
MC6B75AL 
-55 to +125 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


Operating 
Junction 
Temperature 
TJ 
175 
°c 


Rating 


Power Supply Voltage 


Operating 
Ambient 
Temperature 
Range 


NOTE: 
Operation of the MC6875AL over the full military 
temperature 
range (to maximum TA) will result in 
excessive operating junction temperature. 


The use of a clip on 16 pin heat sink similar to AAVID 
Engineering, 
Inc .• Model 5007 (RBCA = 
18"CJW) 
is 
recommended 
above TA - 
95°C. 


Contact AAVID Engineering, 
Inc. 


30 Cook Court 
laconia, 
New Hampshire 03246 
Tel. (603) 524-4443 


Chanleteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Power 
Supply 
Currents 


(VCC = 5.25 V. lose = 8.0 MHz. VIL 
= 0 V. VIH = 3.0 VI 
Normal 
Operation 
ICCN 
- 
- 
150 
mA 


(Memory 
Ready 
and 
DMA/Refresh 
Request 
Inputs 
at 
High 
Logic State) 
Memory 
Ready 
Stretch 
Operation 
ICCMR 
- 
- 
135 
mA 


(Memory 
Ready 
Input 
at Low Logic State; 


DMA/Refresh 
Request 
Input 
at High Logic State) 
OM AI Refresh 
Request 
Stretch 
Operation 
ICCDR 
- 
- 
135 
mA 
(Memory 
Ready 
Input 
at High Logic State; 
DMA/Refresh 
Request 
Input 
at Low Logic State) 


ELECTRICAL 
CHARACTERISTICS 
(Unless otherwise 
noted specifications apply over recommended 
power supply and temperature 
ranges. 


Typical 
values measured at V cc '"5.0 V and T A ;: 250C.1 


Characteristic::: 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
- 
High Logic State 
MPU ¢ 1 and <I>2 Outputs 
V 


(Vee 
= 4.75 V, IOHM = -200 uAI 
VOHM 
Vee - 0.6 
- 
- 


(Vee 
= 5.25 V. IOHMK 
= +5.0 mAl 
VOHMK 
- 
- 
Vee+1.O 


Bus 4>2 Output 
V 


(Vee 
= 4.75 V. IOHB = -10 mAl 
VOHB 
2.4 
- 
- 


(Vee 
= 5.25 V. IOHBK 
= +5.0 mAl 
VOHBK 
- 
- 
Vee+1.O 
4 x fa Output 
V 


(Vee 
= 4.75 V, V'H 
= 2.0 V, IOH4X 
= -500 uAI 
VOH4X 
2.4 
- 
- 


2 x fa, DMA/Aefresh 
Grant and Memory 
Clock 
Outputs 
VOH 
2.4 
- 
- 
V 


(Vee 
= 4.75 V, IOH = -500 uAI 
Reset 
Output 
VOHA 
2.4 
- 
- 
V 
(Vee 
= 4.75 V, VIH 
= 3.3 V, IOHR = -100 uAI 


Output Voltage - 
Low Logic State 


MPU 
<1>1 and 4>2 Outputs 
V 


(Vee 
= 4.75 V. IOLM 
= +200 uAI 
VOLM 
- 
- 
0.4 


(Vee 
= 4.75 V,IOLMK 
= -5.0 mAl 
VOLMK 
- 
- 
-1.0 
Bus <1>2 Output 
V 


(Vee 
= 4.75 V. IOLB = +48 mAl 
VOLB 
.- 
- 
0.5 


(Vee 
= 4.75 V, IOLBK 
= -5.0 mAl 
VOLBK 
- 
-- 
-1.0 
4 x fa Output 
V 
(Vee 
= 4.75 V. VIL 
= 0.8 V,IOL4X 
= 16 mAl 
VOL4X 
- 
- 
0.5 
2 x fa, DMA/Aefresh 
Grant and Memory 
Clock Outputs 
VOL 
- 
- 
0.5 
V 
(Vee 
= 4.75 V,IOL 
= 16 mAl 
Reset Output 
VOLA 
- 
- 
0.5 
V 
lVee 
= 4.75 V, VIL 
= 0.8 V, 'OLR 
= 3.2 mAl 


Input Voltage 
- 
High Logic State 
V 
Ext. In. Memory Ready and DMA/Refresh 
Request Inputs 
VIH 
2.0 
- 
- 


Input 
Voltage 
- 
Low Logic State 
V 


Ext. In, Memory 
Ready and DMA/Refresh 
Request 
Inputs 
VIL 
- 
- 
0.8 


Input Thresholds 
- 
Power-On 
Reset Input 
(See Figure 2) 
V 
Output 
Low to High 
VILH 
- 
2.8 
3.6 
Output 
High to Low 
VIHL 
0.8 
1.4 
- 


Input Clamp Voltage 
Me6875L 
VIK 
- 
- 
-1.0 
V 


(Vee 
= 4.75 V,lle 
= -5.0 mAl 
Me6875AL 
- 
- 
-1.5 


Input Current 
- 
High Logic State 
Ext. 
In, Memory 
Ready and DMA/Refresh 
Request Inputs 
IIH· 
- 
- 
25 
uA 
(Vee 
= 4.75 V, VIH 
= 5.0 V) 


Power -On Reset 
IIHR 
- 
- 
50 
uA 
IVee 
= 5.0 V, VIHR 
= 5.0 VI 


Input Current 
- 
Low Logic Suite 
Ext. In, Memory 
Ready and DMA/Aefresh 
Request Inputs 
IlL 
- 
- 
-250 
uA 
(Vee 
= 5.25 V, VIL 
= 0.5 V) 


Povver~n 
Reset Input \ 
IILR 
- 
- 
-250 
uA 


(Vee 
= 5,25 V, VIL 
= 0.5 VI 


• 


• 


SWITCHING 
CHARACTERISTICS 


(These specifications 
apply whether the Internal Oscillator 
(see Figure 9) or an External Oscillator 
is used (see Figure 10), 


Typical values measured at VCC = 5.0 V, TA "'-25°C, fa = 1.0 MHz (see Figure8). 


Output 
Period (Figure 3) 
to 
500 
- 
- 
ns 


Pulse Width (Figure 3) 
tpWM 
ns 


(fo = 1.0 MHz) 
400 
- 
- 
Ifo = 1.5 MHz) 
230 
- 
- 


110 = 2.0 MHz) 
180 
- 
- 


Total Up Time (Figure 3) 
tUPM 
ns 


110 = 1.0 MHz) 
900 
- 
- 


(fo = 1.5 MHz) 
600 
- 
- 


Ifo = 2.0 MHz) 
440 
- 
- 


Delav Time Referenced to Output 
Complement 
(Figure 3) 


Output 
High 
to 
Low 
State 
(Clock 
Overlap 
at 1.0 V) 
tPLHM 
0 
- 
- 
ns 


Delay 
Times 
Referenced 
to 2 x fa 
(Figure 
4 MPU 
t:/J2 only) 


Output 
Low to High Logic State 
tpLHM2X 
- 
- 
85 
ns 


Output 
High to Low Logic State 
tpHLM2X 
- 
- 
70 
ns 


Transition 
Times (Figure 3) 


Output 
Low to High Logic State 
tTLHM 
- 
- 
25 
ns 


Output 
High to Low Logic State 
tTHLM 
- 
- 
25 
ns 


Pulse Width - 
Low Logic State (Figure 4) 
tPWL8 
ns 
(fo = 1.0 MHz) 
430 
- 
- 


(fo = 1.5 MHz) 
280 
- 
- 


(fo = 2.0 MHz) 
210 
- 
- 


Pulse Width 
- 
High 
Logic 
State 
tpWHB 
ns 
Ifo = 1.0 MHz) 
450 
- 
- 


Ifo = 1.5 MHz) 
295 
- 
- 


Ifo = 2.0 MHz) 
235 
- 
- 


Delay Times - 
(Referenced to MPU ~11 (Figure 4) 
Output 
Low to High Logic State 
tpLHBM1 
ns 


Ifo = 1.0 MHz) 
480 
- 
- 


Ifo = 1.5 MHz) 
320 
- 
- 


Ifo = 2.0 MHz) 
240 
- 
- 


Output 
High to Low Logic State 
tPHL8Ml 
ICL = 300 pF) 
- 
- 
25 


(CL = 100 pF) 
- 
- 
20 


Delay Times (Referenced to MPU ¢2) (Figure 4) 
Output Low to High Logic State 
tPLHBM2 
-30 
- 
+25 
ns 


Output 
High to Low Logic State 
tPHLBM2 
0 
- 
+40 
ns 


Transition 
Times (Figure 4) 
Output Low to High Logic State 
tTLHB 
- 
- 
20 
ns 


Output High to Low Logic State 
tTHLB 
- 
- 
20 
ns 


Delay Times (Referenced to MPU 4>2) (Figure 4) 
Output 
Low to High Logic State 
tPLHCM 
-50 
- 
+25 
ns 


Output 
High to Low Logic State 
tpHLCM 
0 
- 
+40 
ns 


Delay Times (Referenced to 2 x fa) (Figure 4) 
Output 
Low to High Logic State 
tPLHC2X 
- 
- 
65 
ns 


Output 
High to Low Logic State 
tPHLC2X 
- 
- 
85 
ns 


Transition 
Times (Figure 4) 
Output 
Low to High State 
tTLHC 
- 
- 
25 
ns 


Output 
High to 
Low State 
tTHLC 
- 
- 
25 
ns 


Delay Times (Referenced to 4 x fo) (Figure 41 
Output Low to High Logic State 
tpLH2X 
- 
- 
50 
ns 


Output High to Low Logic State 
tPHL2X 
- 
- 
65 
ns 


Delay Time (Referenced to MPU 4>11 (Figure 41 
Output High to Low Logic State 
tPHL2XMl 
ns 


(fa = 1.0 MHz) 
365 
- 
- 


(fa = 1.5 MHz) 
220 
- 
- 


Transition Times (Figure 41 
Output Low to High Logic State 
tTLH2X 
.- 
- 
25 
ns 


Output High to Low Logic State 
tTHL2X 
- 
- 
25 
ns 


Delay Times (Referenced to Ext. In) (Figure 4) 


Output Low to High Logic State 
tPLH4X 
- 
- 
50 
ns 


Output High to Low Logic State 
tPHL4X 
- 
- 
30 
ns 


Transition Time (Figure 4) 
Output Low to High Logic State 
tTLH4X 
- 
- 
25 
ns 


Output High to Low Logic State 
tTHL4X 
- 
- 
25 
ns 


Set-Up Times (Figure 5) 
Low Input Logic State 
tSMRL 
55 
- 
- 
ns 


High Input Logic State 
tSMRH 
75 
- 
- 
ns 


Hold Time (Figure 5) 
Low Input Logic State 
tHMRL 
10 
- 
- 
ns 


Set-Up Times (Figure 61 


Low Input Logic State 
tSDRL 
65 
- 
- 
ns 


High Input Logic State 
tSDRH 
75 
- 
- 
ns 


Hold Time (Figure 61 


Low Input Logic State 
tHDRL 
10 
- 
- 
ns 


Delay Time Referenced to Memory Clock (Figure 6) 


Output Low to High Logic State 
tPLHG 
-15 
- 
+25 
ns 
Output High to Low Logic State 
tPHLG 
-25 
- 
+15 
ns 


Transition Times (Figure 6) 
Output 
Low to High Logic State 
tTLHG 
- 
- 
25 
ns 


Output High to Low Logic State 
tTHLG 
- 
- 
25 
ns 
--- 


Delay Time Referenced to Power-On Reset (Figure 7) 
Output Low to High Logic State 
tpLHR 
- 
- 
1000 
ns 


Output High to Low Logic State 
tPHLR 
- 
- 
250 
ns 


Transition Times (Figure 7) 
Output 
Low to High Logic State 
tTLHR 
- 
- 
100 
ns 
Output High to Low Logic State 
tTHLR 
- 
- 
50 
ns 
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FIGURE 4 - TIMING 
DIAGRAM 
FOR NON'STRETCHED 
OPERATION 
{Memory 
Ready and DMA/Refresh 
Request 
held high continuously) 


Ext. In Input Voltago: 0 V to 3.0 V. f - 8.0 MHz. Duty Cvcle = 50%. tTLHEX 
- tTHLEX 
- 5.0 ns 


• 


II 


FIGURE 
5 - TIMING DIAGRAM 
FOR MEMORY READY STRETCH OPERATION 
(Minimum Stretch Shown) 
Input Volt_: 
3.0 to 0 V. tTHLMR 
~ tTLHMR = 5.0 ns 


FIGURE 6 - TIMING 
DIAGRAM 
FOR DMA/REFRESH 
REQUEST STRETCH OPERATION 
(Minimum Stretch Shown) 


Input Volt_, 
3.0 to 0 V, tTHLDR 
B tTLHDR 
= 5.0 ns 


~ 
'"elevant 
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NOTE: 
Operation of the MC6875AL over the full military 
tem- 


perature 
range 
(to 
maximum 
T A) will 
result 
in excessive 


operating 
junction 
temperature. 


The use of a clip on 16 pin heat sink similar to AAVID 
Engineering, Inc., 
Model 
5007 
(ROCA ~ 180C/W) 
is 
recommended above TA '" 950C. 


Contact AAVID Engineering, Inc. 
30 Cook Court 
Laconia, New Hampshire 03246 
Tel. (603) 524-4443 
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GENERAL 
The MC6875 
Clock 
Generator/Driver 
should 
be located 


on the 
same 
board 
and within 
two 
inches 
of the MC6800 


MPU. 
Series 
damping 
resistors 
of 
10-30 
ohms 
may 
be 


utilized 
between 
the 
MC6875 
and 
the 
MC6800 
on the 4>1 


and 
4>2 clocks 
to 
suppress 
overshoot 
and 
reflections. 


The 
VCC 
pin 
(pin 
16) 
of 
the 
MC6875 
$hould 
be 
bypassed 
to the 
ground 
pin 
(pin 8) at the 
package 
with 
a 


0.1 
IlF 
capacitor. 
8ecause 
of 
the 
high 
peak 
currents 
associated 
with 
driving 
highly 
capacitive 
loads, 
an ade- 


quately 
large ground 
strip 
to pin 
8 should 
be used on the 


MC6875. 
Grounds 
should 
be carefully 
routed 
to minimize 


coupling 
of noise 
to the sensitive 
oscillator 
inputs. 
Unnec- 
essary 
grounds 
or ground 
planes 
should 
be avoided 
near 


pin 
2 or 
the 
frequency 
determining 
components. 
These 


components 
should 
be located 
as near 
as possible 
to the 


respective 
pins 
of 
the 
MC6875. 
Stray 
capac itance 
near 
pin 2 or the 
crystal, 
can affect 
the 
frequency. 
The can of 


the 
crystal 
should 
not 
be 
grounded. 
The 
ground 
side 
of the crystal 
or the C of the 
R-C oscillator 
should 
be con- 


nected 
as directly 
as possible 
to pin 8. 


Unused 
inputs 
should 
be connected 
to VCC or ground. 


Memory 
Ready, 
DMA/Refresh 
Request 
and 
Power-On 


Reset 
should 
be 
connected 
to 
VCC 
when 
not 
used. 


The 
External 
Input 
should 
be 
connected 
to 
ground 
when not used. 


OSCILLATOR 
A tank 
circuit 
tuned 
to 
the desired 
crystal 
frequency 


connected 
between 
terminals 
X 1 and 
X2 
as shown 
in 


Figure 
12, is recommended 
to prevent 
the oscillator 
from 


starting 
at 
other 
than 
the 
desired 
frequency. 
The 
lkD. 


resistor 
reduces 
the 
Q 
sufficiently 
to 
maintain 
stable 


crystal 
control. 
Crystal 
manufacturers 
may 
recommend 
a 


capacitance 
(C Ll to be used 
in series 
with 
the 
crystal 
for 


optimum 
performance 
at series resonance. 


See Figures 
9 and 
10 for typical 
oscillator 
temperature 


and VCC supply 
dependence 
for R-C 
operation. 


FIGURE 
12 - 
OSCiLLATOR-CRYSTAL 
OPERATION 


_.:L' 
• 
n= 
CL 


(Tdm) l__--I 


c=J 
XTAL 
I 


_ 
4 X fo - 
Crystal 
frequency 


- 
4 X 
fo "'1--'-- 


2.JlTCT 


2.5 
lotH fO;LT 
to; 22 
jJ.H 


75 pF ,.;;;;CT <; 200 
pF 


AT"" 
1kn 


CTS KNIGHTS 
McCOY ELECT_CO_ 
TYCO 
CRYSTAL 
PRODUCTS 


TANK 
CIRCUIT 
APPROXIMATE 
400 
REIMANN 
AVE. 
WATTS 
& CHESTNUTS 
STS. 
3940 
W. MONTECITO 


PARAMETERS 
CRYSTAL 
PARAMETERS 
SANDWICH.ll 
MT. 
HOll 
Y SPRING. 
PA 
PHOENIX. 
AZ 
60548 
17065 
85019 
LT 
CT 
RS 
Co 
C, 
fo 
18'51786-84" 
17171486-3411 
(6021272-7945 
.H 
pF 
Ohms 
pF 
mpF 
MH, 


10 
150 
15-75 
3-6 
12 
4_0 
MP.Q4A 
113-31 
150·3260 


• 390 pF 


4.7 
82 
8-45 
4-7 
23 
8_0 
MP-080 
113-32 
150-3270 


·47 
pF 


Inductors m.y 
be obtained 
from: 
eoiler.ft, 
Cary, IL 60013 
(312) 
639·2361 


a solid 
VOL 
output 
level 
until 
VCC 
has 
reached 
3.5 
to 
4_0 V. 
During 
this 
time 
transients 
may 
appear 
on 
the 


clock 
outputs 
as 
the 
oscillator 
begins 
to 
start. 
This 


happens 
at approximately 
VCC 
= 3 V. At some 
VCC level 
above 
that, 
where 
Reset 
Output 
goes 
low, 
all the 
clock 
outputs 
will 
begin 
functioning 
normally. 
This 
phenom- 


enon 
of 
the 
start·up 
sequence 
should 
not 
cause 
any 
problems 
except 
possibly 
in systems 
with 
battery 
back·up 
memory. 
The 
transients 
on 
the 
clock 
lines 
during 
the 
time 
the 
Reset 
Output 
is high 
impedance 
could 
initiate 
the 
system 
in some 
unknown 
mode 
and 
possibly 
write 


into 
the 
backup 
memory 
system. 
Therefore 
in 
battery 


backup 
systems, 
more 
elaborate 
reset 
circuitry 
will 
be required. 


Please 
note 
that 
the 
Power-On 
Reset 
input 
pin of the 
MC6875 
is not 
suitable 
for use with 
a manual 
MPU reset 
switch 
if the 
DMA/Rd 
Req or Memory 
Ready 
inputs 
are 
going 
to be used. 
The 
power 
on reset 
circuitry 
is used 
to 


initialize 
the 
internal 
control 
logic 
and 
whenever 
the 


input 
is 
switched 
low. 
the 
MC6875 
is irresponsive 
to 


the 
DMA/Ref 
Req 
or 
Memory 
Ready 
inputs. 
This 
may 


result 
in the 
loss 
of 
dynamic 
memory 
and/or 
possibly 
a byte 
of 
slow 
static 
memory. 
The 
circuit 
of 
Figure 
14 
is recommended 
for applications 
which 
do not utilize 
1he 


DMA/Ref 
Req 
or 
Memory 
Ready 
inputs. 
The 
circuit 
of 
Figure 
15 is recommended 
for those 
applications 
that 
do. 


FIGURE 
14 - MANUAL 
RESET FOR APPLICATIONS 
NOT USING 


DMA/REFRESH 
REQUEST OR MEMORY 
READY 
INPUTS 


EXTERNAL 
INPUT 


12) 
11) 
x, 
x2 
Open 


MC6875 
(2) 
X2 


(3) 
Ext 
In 
MC6875 


(3) 


Ext 
In 


51 


To 
precisely 
time 
a crystal 
to 
desired 
frequency, 
a 


variable 
trimmer 
capacitor 
in the 
range 
of 
7 to 
40 
pF 


would 
typically 
be used. 
Note 
it is not 
a recommended 
practice 
to 
tune 
the 
crystal 
with 
a parallel 
load 
capaci- 


tance. 


The 
table 
above 
shows 
typical 
values 
for CT and 
LT. 


typical 
crystal 
characteristics, 
and 
manufacturers' 
part 


numbers 
for 4.0 and 8.0 megahertz 
operation. 
The 
MC6875 
will 
function 
as an 
R-C oscillator 
when 
connected 
as 
shown 
in 
Figure 
13. 
The 
desired 
output 
frequency 
(M<t>1)is approximately: 


Formula 
320 
C in picofarads 


4 x fo "" C (R+ .27) + 23 
R in K ohms 


(See Figure 
11) 
4 x fo in Megahertz 


It would 
be desirable 
to select 
a capacitor 
greater 
than 
15 pF 
to 
minimize 
the effects 
of stray 
capacitance. 
It is 
also 
desirable 
to 
keep 
the 
resistor 
in the 
1 to 
5 k .11 


range. 
There 
is a nominal 
270 
.11 resistor 
internally 
at 


X, 
which 
is in series 
with 
the 
external 
R. 8y 
keeping 


the 
external 
R as 
large 
as 
possible, 
the 
effects 
due 
to 


process variations of the internal resistor on the frequency 
will 
be 
reduced. 
There 
will, 
however, 
still 
be 
some 
variation 
in 
frequency 
in a production 
lot 
both 
from 
the 
resistance 
variations, 
external 
and 
internal, 
and 
process 
variations 
of 
the 
input 
switching 
thresholds. 


Therefore, 
in a production 
system, it is recommended 
a 
potentiometer 
be 
placed 
in 
series 
with 
a 
fixed 
R 
between 
X 1 and X2. 


POWER-ON 
RESET 


As 
the 
power 
to 
the 
MC6875 
comes 
up, 
the 
Reset 
Output 
will be in a high impedance 
state 
and will not give 
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FIGURE 
15 - MANUAL 
RESET FOR SYSTEMS USING 
DYNAMIC 
RAM DR SLOW STATIC 
RAM IN CONJUNCTION 
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DR DMA/REFRESH 
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® MOTOROLA 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility. 
due to 
its high impedance PNP transistor 
input, and high-speedoperation made possible by the use of Schottky 
diode clamping. Both the -48 
mA driver and -20 
mA receiver out- 
puts areshort-circuit protected and employ three-stateenabling inputs. 
The device is useful as a bus extender in systems employing the 
M6800 family 
or other comparable MPU devices. The maximum 
input 
current 
of 
200 IlA 
at any of the device input 
pins assures 
proper 
operation 
despite the limited 
drive capability 
of the MPU 
chip. 
The 
inputs 
are also protected 
with 
Schottky-barrier 
diode 
clamps 
to suppress excessive 
undershoot 
voltages. 


The MC8T26A is identical to the NE8T26A and it ope,ates from 
a single +5 V supply. 


• 
High Impedance Inputs 


• 
Single Power Supply 


• 
High Speed Schottky Technology 


• 
Three-State 
Drivers 
and 
Receivers 


• 
Compatible with M6800 Family rvlicroprocessor 


MICROPROCESSOR BUS EXTENOER APPLICATION 


(Clock) 


GND.,.5 
V 
r;'" 
02 


MCST26A 
MC6880A 


QUAD 
THREE-STATE 
BUS TRANSCEIVER 


MONOLITHIC 
SCHOITKY 
INTEGRATED 
CIRCUITS 


LSUFAX 
CERAMIC 
PACKAGE 
CASE 
620-02 


PSUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-05 


Receiver 


Enable 
1 
VCC 
Input 


Receiver 
Driver 
Output 
2 
Enable 


1 
Input 


Receiver 
Output 


Driver 
4 


Input 
4 
Bus 4 
, 


Receiver 
Driver 


Output 
5 
Input 
2 
4 
Receiver 
Output 
3 


Driver 
Input 
7 
Bus 
3 


Gnd 


OROERING INFORMATION 


Temperatur. 
Oe ••.iee 
Alternate 
Range 
Package 


MC6880AL 
MC8T26AL 
OtO+7SoC 
Ceramic DIP 


MC6880AP 
MC8T26AP 
Oto+75 
C 
Plastic DIP 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
8.0 
Vdc 


Input Vortage 
VI 
5.5 
Vdc 


Junction Temperature 
TJ 
°c 
Ceramic Package 
175 
Plastic Package 
150 


Operating Ambient Temperature Range 
TA 
a to +75 
°c 


Storage Temperature Range 
Tstg 
65 to+150 
uc 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Current - 
Low Logic State 
(Receiver Enable Input, VILlREI 
= 0.4 VI 
IILlREI 
- 
- 
-200 
~A 
(Dnver Enable Input, VILlDE) 
= 0.4 VI 
IILlDEI 
- 
- 
-200 
(Driver Input, VILlD) 
= 0.4 V) 
IILlDI 
- 
- 
-200 
(Bus (Receiverl Input, VILlS) 
= 0.4 VI 
IILlBI 
- 
- 
-200 


Input Disabled Current ~ Low Logic State 
IILIDIDIS 


IDriver Input, VILIDI 
= 0.4 VI 
- 
- 
-25 
~A 


Input Current-HIgh Logic State 


(Receiver Enable Input, VIH(REI 
= 5.25 V) 
IIHIRE} 
- 
- 
25 
~A 
(Driver Enable Input, VtH(DE).= 
525 
VI 
IIHIDE} 
- 
- 
25 
(Driver Input, VIH(D):::: 5.25 V) 
IIHID) 
- 
25 


IReceiver Input, VIH(S) 
= 5.25 V) 
IIHIB} 
- 
- 
100 


Input Voltage - 
Low Logic State 


(Receiver Enable Inputl 
V ILI REI 
- 
- 
0.85 
V 
(Driver Enable Input 
VI LlDE) 
- 
- 
0.85 
(Dnver Input) 
VILlD! 
- 
- 
085 


(Receiver Inputl 
VILlB) 
- 
- 
0.85 


Input Voltage - 
High Logic State 
(Receiver Enable Inputl 
VIHIREI 
2.0 
- 
- 
V 


(Driver Enable Inputl 
VIHIDEI 
20 
- 
- 


(Driver Inputl 
VIHIDI 
2.0 
- 
- 


(Receiver Inputl 
VIHIB) 
2.0 
- 
- 


Output Voltage - 
Low Logic State 


(Bus Driverl Output. 'OLlB) 
= 48 mAl 
VOLlB) 
- 
- 
0.5 
V 


(Receiver Output, IOLlR) 
= 20 mAl 
VOLlR} 
- 
- 
0.5 


Output 
Volt.~ge 
- 
High LogIc State 


IBus IDriver! Output, 
10HIB) = -10 
mAl 
VDH(8) 
2.4 
3.1 
- 
V 
(Receiver Output, 
IOH(R) 
= -2.0 
mAl 
VOHIR} 
2.4 
3.1 
- 


IAeceiver Output, 10HIA) = -100 
~A, VCC = 5.0 V) 
3.5 
- 
- 


Output Disabled Leakage Current - 
High Logic State 


(Bus Driverl Output. VOH{BI 
= 2.4 VI 
10HLIBI 
- 
- 
100 
~A 
(Receiver Output. VOH IR) :=2.4 V) 
10HLlR) 
- 
- 
100 


Output Disabled Leakage Current - 
Low Logic State 


18usOutput, VOLlB) 
= 0.5 VI 
10LLIS) 
- 
- 
-100 
~A 
IAeceiver Output, VOLlA) 
= 0.5 VI 
10LLIA) 
- 
- 
-100 


Input Clamp Voltage 


(Driver Enable Input IID(DE) 
= -12 
mAl 
VICIDE) 
- 
- 
-1.0 
V 
(Receiver Enable Input 'ICIREI 
= +12 mA) 
VICIAE) 
- 
- 
-1.0 


IDriver Input IICIDI 
= ·-12 mAl 
VICIDI 
- 
- 
-1.0 


Output Short-Circuit Current, VCC - 5.25 V III 


IBus IDriver! Outputl 
IOSI81 
-50 
- 
-150 
mA 
(Receiver Outputl 
10SIAI 
-30 
- 
-75 


Power Supply Current 
ICC 
- 
- 
87 
mA 
IVCC = 5.25 VI 


• 


• 


Characteristic 
Symbol 
Figure 
Min 
Max 
Unit 


Propagation Delay Time from Receiver IBus) Input to 
tPLHIR} 
1 
- 
14 
n, 


High Logic State Receiver Output 


Propagation Delay Time from Receiver (Bus) Input to 
tPHLIRI 
1 
- 
14 
n, 


Low Log;c State Receiver Output 


Propagation Delay Time 
from 
Driver 
I nput 
to 
tpLH(OI 
2 
- 
14 
n, 


High 
Logic 
State 
Driver 
(Bus) 
Output 


Propagation Delay Time from Driver I nput to 
tPHL(O} 
2 
- 
14 
n, 


Low 
Logic 
State 
Driver 
(Bus) 
Output 


Propagation 
Delay 
Time 
from 
Receiver 
Enable 
I nput 
to 
tPLZIREI 
3 
- 
15 
n, 


High Impedance (Open) Logic State Receiver Output 


Propagation Delay Time from Receiver Enable Input to 
tpZL(REI 
.3 
- 
20 
n, 


Low Logic Level Receiver Output 


Propagation Delay Time from Dnver Enable Input to 
tpLZIOEI 
4 
- 
20 
n, 


High Impedance 
Logic State Driver (Bus) Output 


Propagation Delay Time from Driver Enable Input to 
tPZUOEI 
4 
- 
25 
n' 


Low LogiCState Driver (Bus) Output 


FIGURE 
1 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
FROM 


BUS 
IRECEIVERI 
INPUT 
TO 
RECEIVER 
OUTPUT. 
tpLH(RI 
AND 
tpHUR} 


OV 


tPHL(R) 


VOH----- 


Receiver 
~ 


Input 


Driver 
Enable 


Input 


FIGURE 
2 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
TIME 
FROM 


, 
DRIVER 
INPUT 
TO 
BUS 
(DRIVER) 
OUTPUT, 
tpLH(D) 
AND 
tPHL(D) 


Driver 
Enable 
Input 


ov 


tpHUOl 
vOH------ 


~~ 
Input 


FIGURE 
3 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
TIME 
FROM 


RECEIVER 
ENABLE 
INPUT 
TO 
RECEIVER 
OUTPUT, 
tPLZ(RE) 
AND 
tpZL(REI 


OV 


tPLZ(AE) 


"=3.5 
V 
----- 
,rtPZLlREl 


1.svL 
------ 


• 


• 


FIGURE 
4 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
TIMES 
FROM 


DRIVER 
ENABLE 
INPUT 
TO 
DRIVER 
(BUSI 
OUTPUT, 
tPLZ(DEI 
AND 
tPZLlDEI 


0\1 


tpZLlDEI 


"=3.5V----_ 


Receiver 
Enable 
Input 


® MOTOROLA 


This 
series of 
devices combines four 
features usually found 
desirable in bus-oriented systems: 1) High impedance logic inputs 
insure 
that 
these 
devices 
do 
not 
seriously 
load 
the 
bus; 2) Three-state logic configuration 
allows buffers 
not 
being 
utilized 
to 
be effectively 
removed 
from 
the 
bus; 3) Schottky 


technology 
allows for 
high-speed operation; 
4) 48 
mA 
drive 
capability. 


• 
Inverting and Non-Inverting Options of Data 


• 
SN74S373 Function Pinouts 


• 
Eight Transparent Latches/Buffers in a Single Package 


• 
Full Parallel·Accessfor Loading and Reloading 


• 
Buffered Control Inputs 


• 
All Inputs Have Hysteresis to Improve Noise Rejection 


• 
High Speed - 8.0 ns (Typ) 


• 
Three-State Logic Configuration 


• 
Single + 5 V Power Supply Requirement 


• 
Compatible with 74S Logic or M6800 Microprocessor Systems 


• 
High Impedance PNP Inputs Assure Minimal Loading of the Bus 


(Clock) 
Gnd+SV 
4>1 
4>2 


MC3482AIMC6882A 
MC3482B1MC6882B 


OCTAL THREE-STATE 
BUFFER/LATCH 


OUTPUT EQUIVALENT 


CIRCUIT 


vcc 


• 


• 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
8.0 
Vdc 


Input Voltage 
VI 
5.5 
Vdc 


Operating Ambient 
Temperature 
Range 
TA 
o to +75 
C 


Storage Temperature 
Range 
T,tg 
65to 
+150 
°c 


Operating Junction 
Temperature 
TJ 
°c 


Ceramic Package 
175 


Character istic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Voltage 
- 
High Logic State 
VIH 
2.0 
- 
- 
V 
1VCC = 4.75 V. TA = 25°C I 


Input Voltage 
- 
Low Logic State 
VIL 
- 
- 
0.8 
V 
1Vcc 
= 4.75 V. TA = 250CI 


Input Current 
- 
High Logic State 
IIH 
- 
- 
40 
~A 
1VCC = 5.25 V. VIH 
= 2.4 VI 


Input Current 
- 
Low Logic State 
IlL 
- 
- 
-250 
~A 
1VCC = 5.25 V. VIL 
= 0.5 V. VIUOEI 
= 0.5 VI 


Output 
Voltage 
- 
High Logic State 
VOH 
2.4 
- 
- 
V 
(VCC = 4.75 V. 10H = -20 mAl 


Output 
Voltage - 
Low Logic State 
VOL 
- 
- 
0.5 
V 
(IOL 
= 48 mAl 


Output 
Current 
- 
High 
Impedance 
State 
102 
~A 
1VCC = 5.25 V. VOH = 2.4 VI 
- 
- 
100 
(VCC = 5.25 V. VOL 
= 0.5 VI 
- 
- 
-100 


Output 
Short-Circuit 
Current 
10S 
-30 
-80 
-130 
mA 
{Vee = 5.25 V, Vo 
= 01 (only 
one 
output 
can be shorted 
at a time) 


Power 
Supply 
Current 
MC3482A/MC6882A 
ICC 
- 
130 
mA 
1Vcc 
= 5.25 VI 
MC34828/MC6882B 
150 


Input Clamp Voltage 
VIK 
- 
- 
-1.2 
V 
(VCC = 4.75 V. 11K= -12 mAl 


MC3482A1 
MC3482BI 


Characteristics 
Symbol 
MC6882A 
MC6882B 
Unit 


Min 
Typ 
Ma. 
Min 
Typ 
Ma. 


Propagation Delay Times 
ns 
Data to Output 


Low to High 
'PLHID) 
CL = 50 pF 
4.0 
9.0 
16 
4.0 
9.0 
16 


CL = 250pF 
-. 
12 
20 
- 
12 
20 
CL=375pF 
- 
14 
22 
- 
14 
22 
CL=5OOpF 
10 
16 
24 
10 
16 
24 


High to Low 
'PHUDI 
CL = 50 pF 
4.0 
8.0 
16 
4.0 
8.0 
16 


CL = 250 pF. 
- 
15 
22 
- 
15 
22 
CL=375pF 
- 
18 
25 
- 
17 
24 
CL = 500 pF 
16 
21 
28 
14 
18 
27 


Propagation 
Delay Times 
ns 


Latch Disable (Low to High) 
to Output 


Low to High 
'PLHILI 


CL = 50pF 
- 
22 
30 
- 
18 
30 


High to Low 
'pHLILI 


CL = 50pF 
- 
23 
30 
- 
14 
25 


Propagation 
Delay Times 
ns 
(CL = 20 pF) 


High Output 
Level to High Impedance 
'PHZ(QEI 
- 
8.0 
15 
- 
6.0 
13 


Low Output 
to H:gh Impedance 
'pLZIQEI 
- 
20 
27 
- 
15 
23 


High Impedance to High Output 
tPZH(QEI 
- 
9.0 
16 
- 
11 
18 
High Impedance to Low Output 
tPZL(QEI 
- 
13 
20 
- 
9.0 
16 


MC3482AI 
MC3482BI 


Characteristic 
Symbol 
MC6882A 
MC6882B 
Unit 


Min 
Typ 
Ma. 
Min 
Typ 
Ma. 


Setup Time 
'sulDJ 
10 
0 
- 
7.0 
0 
- 
ns 


(Data to Negative Going Latch Enable) 


Hold Time 
'hID) 
10 
- 
- 
8.0 
- 
- 
ns 


(Data to Negative Going Latch Enable) 


Minimum 
Latch Enable Pulse Width 
'W(L1 
- 
15 
- 
- 
15 
- 
ns 


(High or Lowl 


• 


• 


Output 
-- 
Enable 
latch 
Input 
Output 


0 
1 
0 
1 


0 
1 
1 
0 


0 
0 
X 
00 
, 
X 
X 
Z 


Output 


Enable 
latch 
Input 
Output 


0 
1 
0 
0 


0 
1 
1 
1 


0 
0 
X 
00 


1 
X 
X 
Z 


.n. 


Pulse 
Generator 


To Scope 
Output 


Closed for 


tPLZ(QEI, 
tpZL(C5El 
only 


-5 
V 
~ 


1 k 
Output 


Input Pulse Conditions 
tTHL 
tTLH< 
5ns 


f 
10 MHl 
• 


• 


@ MOTOROLA 
SN74LS7S3 
MC6SS3 


SYNCHRONOUS 
ADDRESS 
MULTIPLEXER 


The 
SN74LS783/MC6883 
brings 
together 
the 
MC6809E 
(MPUl, 
the MC6847 (Color 
Video 
Display 
Generator) 
and dy- 
namic 
RAM to form 
a highly 
effective, 
compact 
and cost ef- 
fective 
computer 
and display 
system. 


• 
MC6809E, MC6800, MC6801 E, MC68000 and MC6847 (VDG) 
Compatible 


• 
Transparent 
MPUIVDG/Refresh 


• 
RAM size - 
4K, 8K, 16K, 32K or 64K Bytes 
(Dynamic 
or 
Static) 


• 
Addressing 
Range - 
96K Bytes 


• 
Single 
Crystal 
Provides 
All Timing 


• 
Register 
Programmable: 


VDG Addressing 
Modes 
VDG Offset 
(0 to 64K) 
RAM Size 
Page Switch 
MPU Rate (Crystal 
7 16 or 
7 8) 


MPU Rate (Address 
Dependent 
or Independent) 


• 
System 
"Device 
Selects" 
Decoded 
'On Chip' 


• 
Timing 
is Optimized 
for 
Standard 
Dynamic 
RAMs 


• 
+ 5.0 V Only Operation 


• 
Easy Synchronization 
of Multiple 
SAM Systems 


• 
DMA Mode 


SYNCHRONOUS 
ADDRESS 
MUL TIPLEXER 


~ 


" 


. 1· ' : . . . 
N SUFFIX 


40 
. • • . 
PLASTIC PACKAGE 


.. 
CASE 711 
1 


~'"'''' 
1 
CERAMIC PACKAGE 
CASE 734 


SN74lS783 
MC6883 


SAM 


To 


ROMs 
and 
10 


DYNAMIC 


RAM 


4K, 8K, 
16K 
32K or 64K 


BYTES 


40 


39 
38 


37 


36 


35 (RAS1) 


34 
33 


32 


31 


30 


29 


28 


27 


26 


25 


24 
23 


22 


21 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
-0.5 
to 
+7.0 
Vdc 


Input 
Voltage 
(Except 
OSCln) 
VI 
-0.5to 
10 
Vdc 


Input 
Current 
(Except 
OSCln) 
II 
-30 
to 
+5.0 
mA 


Output 
Voltage 
Va 
-0.5 
to 
+7.0 
Vdc 


Operating 
Ambient 
Temperature 
Range 
TA 
o to 
+ 70 
·c 


Storage 
Temperature 
Range 
Tsta 
- 65 to 
+ 150 
·c 


Input 
Voltage 
OSCln 
VIOSCln 
- 0.5 to VCC 
Vdc 


Input 
Current 
OSCln 
II0sCIn 
-0.5 
to 
+5.0 
mA 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply 
Voltage 
VCC 
4.75 
5.0 
5.25 
V 


Operating 
Ambient 
Temperature 
Range 
TA 
0 
25 
75 
·c 


Output 
Current 
High 
10H 
mA 
RASO, RAS1, CAS, WE 
- 
- 
-1.0 


All Other 
Outputs 
- 
- 
-0.2 


Output 
Current 
Low 
10L 
mA 
RASO, RAS1, CAS, WE 
- 
- 
8.0 
VClk 
- 
- 
0.8 
All Other 
Outputs 
- 
- 
4.0 


DC 
CHARACTERISTICS 
(Unless 
otherwise 
noted 
specifications 
apply 
over 
recommended 
power 
supply 
and 
temperature 
ranges.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Units 


Input 
Voltage 
- 
High 
Logic 
State 
VIH 
2.0 
- 
- 
V 


Input 
Voltage 
- 
Low 
Logic 
State 
VIL 
- 
- 
0.8 
V 


Input 
Clamp 
Voltage 
VIK 
- 
- 
-1.5 
V 
(VCC 
~ 
Min, 
lin 
~ 
-18 
mAl 
All 
Inputs 
Except 
OSCln 


Input 
Current 
- 
High 
Logic 
State 
at Max 
Input 
Voltage 
II 
)J.A 


(VCC 
~ 
Max, 
Vin = 5.25 V) VClk 
Input 
- 
- 
200 
(VCC 
~ 
Max, 
Vin 
~ 
5.25 V) DAO Input 
- 
- 
100 
(VCC ~ Max, Vin = 5.25 V OSCln = Gnd) OSCOut Input 
- 
- 
250 
(VCC ~ Max, Vin = 7.0 V) All Other 
Inputs 
Except 
OSCln 
- 
- 
100 


Input 
Current 
High Logic 
State 
All Inputs 
Except VClk, 
IIH 
)J.A 
(VCC ~ 
Max, Vin 
~ 2.7 V) 
DAO Oscln, 
OSCOut 
- 
- 
20 


Input 
Current 
- 
Low 
Logic 
State 
IlL 
mA 
(VCC = Max, 
Vin 
~ 
0.4 V) DAO Input 
- 
- 
-1.2 


(VCC = Max, 
Vin = 0.4 V) VClk 
Input 
- 
- 30 
-60 


(VCC = Max, 
Vin = 0.4 V, OSCln ~ 
Gnd) 
OSCOut Input 
- 
- 
-8 


(VCC = Max, 
Vin = 0.4 V) All 
Other 
Inputs 
Except 
OSCln 
- 
- 
-.4 


Output 
Voltage 
- 
High 
Logic 
Sta~ 
__ 
V 
(VCC 
~ 
Min, 
10H = 
- 1.0 mAl 
RASO, RAS 1, CAS, WE 
VOH(C) 
3.0 
- 
- 
(VCC = Min, 
10H 
~ 
-0.2 
mAl 
E, Q 
VOH(EI 
VCC - 
0.75 
- 
- 


(VCC = Min, 
10H 
~ 
- 0.2 mAl 
All 
Other 
Outputs 
VOH 
2.7 
- 
- 


Output 
Voltage 
- 
Low 
Logic 
State 
V 


(VCC = Min, 
10L ~ 8.0 mAl 
RASa, 
RAS1, 
CAS, WE 
VOL(C) 
- 
- 
0.5 
(VCC = Min, 
10L = 4.0 mAl 
E, Q Outputs 
VOLlE) 
- 
- 
0.5 
(VCC = Min, 
10L = 0.8 mAl 
VClk 
Output 
VOL(V) 
- 
- 
0.6 
(VCC = Min, 
taL 
= 4.0 mAl 
All 
Other 
Outputs 
VOL 
- 
- 
0.5 


Power 
Supply 
Current 
ICC 
- 
180 
230 
mA 


Output 
Short-Circuit 
Current 
10S 
30 
- 
225 
mA 


• 


• 


Characteristic 
Symbol 
Min 
Typ 
Max 
Units 


Propagation 
Delay Times 
ns 
(See Circuit in Figure 9) Oscillator-In 
'l.... to Oscillator-Oulf 
td(Ol-OH) 
- 
3.0 
- 


Oscillator-In f 
to Oscillator-Ou~ 
tdIOH-Ol) 
- 
20 
- 


(Cl 
~ 195 pF) AO thru A15 to ZOoZ1. Z2 thru Z7 
td(A-ZI 
- 
28 
- 


(Cl 
= 30 pFI AO thru A15. R/W 
to SO. Sl. 
S3 
tdIA-S) 
- 
18 
- 


ICl ~ 95 pF) Oscillator-Out 
'l....to RASO f 
td(Ol-ROH) 
- 
20 
- 
(Cl 
= 95 pFI Oscillator-Out 
'l....to RASO 'l.... 
td(Ol-ROl) 
- 
18 
- 


(Cl ~ 95 pF) Oscillator-Out 
'l....to RASl f 
td(Ol-R1H) 
- 
22 
- 
(Cl ~ 95 pF) Oscillator-Out 
'l....to RASl 'l.... 
td(Ol-R1L) 
- 
20 
- 


(Cl 
= 195 pFI Oscillator-Out 
'l.... to CAS f 
td IOl-CHI 
- 
20 
- 


(Cl 
= 195 pFI Oscillator-Out 
'l....to CAS 'l.... 
tdIOl-Cl) 
- 
20 
- 


ICl ~ 195 pF) Oscillator-Out 
'l.... to WE f 
tdIOl-WH) 
- 
22 
- 
ICl 
= 195 pFI Oscillator-Out 
'l....to WE 'l.... 
tdlOl-Wll 
- 
40 
- 


ICl 
= 100 pF) Oscillator-Out 
'l....to E f 
tdIOl-EH) 
- 
55 
- 
(Cl 
= 100 pF) Oscillator-Out 
'l....to E 'l.... 
tdlOl-Ell 
- 
25 
- 


ICl 
= 100 pF) Oscillator-Out 
'l.... to 0 f 
tdIOl-QH) 
- 
55 
- 
ICl 
= 100 pF) Oscillator-Out 
'l.... to 0 'l.... 
tdIOl-QL) 
- 
25 
- 


ICl ~ 30 pF) Oscillator-Out 
f 
to VClk f 
tdIOH-VH) 
- 
50 
- 


ICl ~ 30 pF) Oscillator-Out 
f 
to VClk 'l.... 
td(OH-Vl) 
- 
65 
- 


(Cl ~ 195 pFI Oscillator-Out 
'l.... to Row Address 
td(Ol-ARI 
- 
36 
- 
(Cl ~ 195 pFI Oscillator-Out 
'l....to Column Address 
td(Ol-ACI 
- 
33 
- 


(Cl 
= 15 pF) Oscillator-Out 
'l.... to DAOf 
Earliest(1) 
td(Ol-DH) 
- 
. 
-15 
- 


(Cl 
= 15 pF) Oscillator-Out 
'l.... to DAOf 
latestll) 
td(Ol-DH) 
- 
+15 
- 


(Cl ~ 95 pF on RAS. Cl ~ 195 pFon CASI CAS 'l.... to RASf 
tdlcl-RH) 
- 
208 
- 


Setup 
Time for AOthru A15. R/W 
Rate 
= .;-16 
tsu(AI 
- 
28 
- 
ns 
Rate 
= ~ 8 
- 
28 


Hold Time for AOthru A15. R/W 
Rate 
= .;-16 
th(AI 
- 
30 
- 
ns 
Rate 
= 
8 
- 
30 
- 


Width of HS low 
2 
twllHS) 
2.0 
5.0 
6.0 
I's 


Notes: 
1, 
When 
using 
the 
SAM 
with 
an 
MC6847, 
the 
rising 
edge 
of 
DAQ 
is confined 
within 
the 
range 
shown 
in the 
timing 
diagrams 
(unless 
the 


synchronizing 
process 
is incomplete.) 
The 
synchronization 
process 
requires 
a maximum 
of 32 
cycles 
of 
OscQut 
for 
completion. 


2, 
tWLIHSl 
wider 
than 
6,0 
IJ.S may 
yield 
more 
than 
8 sequential 
refresh 
addresses 


40 


] 
30 
,. 
;:: 
>- 
20 
~ 
0z0 
10 
;::« 
'";t 
~ 


'd (OL·RILI 
• 
I::?: 
td (OL·CLI 


~ 
td 10L·ROlI 


200 
300 
400 


CL. LOAO CAPACITANCE (pfl 


Name 
No. 
Function 
;; 
VCC 
40 
Apply 
+ 5 volts", 
5%. SAM 
draws 
less 
than 
230 mA. 
~ 
0 
Gnd 
20 
Return 
Ground 
for 
+ 5 volts. 
... 


A15 
36 
Most 
Significant 
Bit. 


A14 
37 
A13 
38 
MPU 
address 
bits 
AO-A15. 
These 
16 signals 
come 
directly 
from 
the 
MPU 
and 
are 
used 
to 
g 
A12 
39 
directly 
address 
up 
to 
64K 
memory 
locations 
or 
to 
indirectly 
address 
up 
to 
96K 
memory 


I: 
A11 
1 
locations. 
(See 
pages 
17 and 
18 for 
memory 
maps). 
Each 
input 
is approximately 
equivalent 
0 
A10 
2 
to one 
low 
power 
Schottky 
load. 
0 
A9 
3 
" 
I: 
A8 
4 
.•.. 
A7 
24 
.. 
A6 
23 
.. 
~ 
I: " 
A5 
22 
ii: " 
A4 
21 
c( 
:; 
:;) 
A3 
19 
Q. 
... 


A2 
18 
E 
::!! 
A1 
17 
AO 
16 
Least 
Significant 
Bit. 


R/W 
15 
MPU 
READ or WRITE. 
This 
signal 
comes 
directly 
from 
the 
MPU 
and is used 
to enable 
writing 
to the 
SAM 
control 
register, 
dynamic 
RAM 
(via 
WE). 
and 
to enable 
device 
select 
#0. 


DSCln 
5 
Apply 
14.31818' 
MHz crystal 
and 2.5-30 
pF trimmer 
to ground. 
See page 
12. 


DAO 
8 
Display 
Address 
DAD. 
The 
primary 
function 
of this 
pin 
is to input 
the 
least 
significant 
bit of a 
16·bit 
video 
display 
address. 
The 
more 
significant 
15·bits 
are outputs 
from 
an internal 
15-bit 
counter 
which 
is clocked 
by DAO. The 
secondary 
function 
of this 
pin is to indirectly 
input 
the 
e,,~ 
logic 
level 
of the 
VDG "F"S" (field 
synchronization 
pulse) 
for vertical 
video 
address 
updating. 


o~ 
HS 
9 
Horizontal 
Synchronization. 
The 
primary 
function 
of this 
pin 
is to detect 
the 
falling 
edge 
of 
> ~ 
VDG "HS" pulse 
in order 
to initiate 
eight 
dynamic 
RAM 
refresh 
cycles. 
The secondary 
function 
U 
- 
is to reset 
up to 4 least 
significant 
bits 
of the 
internal 
video 
address 
counter. 


VClk 
7 
VDG 
Clock. 
The 
primary 
function 
of this 
pin 
is to output 
a 3.579545 
MHz 
square 
wave** 
to the 
VDG 
"elk" 
pin. 
The 
secondary 
function 
resets 
the 
SAM 
when 
this 
VClk 
pin 
is pulled 
to logic 


"0" 
level, 
acting 
as an input. 


DscOut 
6 
Apply 
1.5 kD resistor 
to 
14.31818' 
MHz crystal 
and 33 pF capacitor 
to ground. 
See page 
12. 


S2 
25 
Most 
Significant 
Bit (Device 
Select 
Bits). 
The 
binary 
value 
of S2, 
S 1, SO selects 
one 
of eight 
.... 
S1 
26 
"chunks" 
of MPU 
address 
space 
(numbers 
0 through 
7). Varying 
in length, 
these 
"chunks" 
u~ 
._ 
u 
> 
•• 
provide 
efficient 
memory 
mapping 
for ROMs, 
RAMs, 
Input 
Output 
devices, 
and 
MPU 
Vectors. 
~~ 
(Requires 
74LS 
138-type 
demultiplexer). 


SO 
27 
Least 
Significant 
Bit. 


.. 
E 
14 
E (Enable 
Clock) 
"E" 
and "a" are 90· out 
of phase 
and are both 
used 
as MPU 
clocks 
for 
the 
:;) ...• 
MC6S09E. 
For the MC6800 
and MC6801E, 
only 
"E" 
is used. 
"E" 
is also used for many 
MC6800 
••. u 
.. :;:2 
peripheral 
chips . 
I: 
0 
ii: 
a 
13 
a (Ouadrature 
Clock). 


:; 
Z7t 
35 
Most 
Significant 
Bit 
S- 
l6t 
34 
First, 
the 
least 
significant 
address 
bits 
from 
the 
MPU 
or "VDG" 
are presented 
to lO-l5 
(4K 
::l 
.. 
l5t 
33 
x 1 RAMs) 
or lO-l6 
(16K 
x 1 RAMs) 
or lO-Z7 164K x 1 RAMs). 
Next, 
the 
most 
significant 
0 :;: :: 
« ~ l4t 
32 
address 
bits 
from 
the 
MPU 
or 
"VDG" 
are 
presented 
to lO-l5 
(4K x 1 RAMs) 
or lO -l6 
a:i: 
l3t 
31 
(16K x 1 RAMs) 
or lO -l7 
(64K x 1 RAMs). 
Note 
that 
for 
4K x 1 and 
16K x 1 RAMs, 
Z7 (Pin 
« 
Z2t 
30 
35) 
is not 
needed 
for 
address 
information. 
Therefore, 
Pin 
35 
is used 
for 
a second 
row 
l1t 
29 
address 
select 
which 
is labeled 
(RAS1). 


lOt 
28 
Least 
Significant 
Bit. 


RASlt 
35 
Row 
Address 
Strobe 
One. 
This 
pulse 
strobes 
the 
least 
significant 
6,7 
or 8 address 
bits 
into 


::!!~ 


dynamic 
RAMs 
in Bank 
#1. 


RASOt 
12 
Row 
Address 
Strobe 
Zero. 
This 
pulse 
strobes 
the 
least 
significant 
6,7 
or 8 address 
bits 
into 
«~ 
dynamic 
RAMs 
in Bank 
#0. 
a: 
00 
CASt 
11 
Column 
Address 
Strobe. 
This 
pulse 
strobes 
the 
most 
significant 
6,7 
or 
8 address 
bits 
into 
dynamic 
RAMs. 


WEt 
10 
Write 
Enable. 
When 
low, 
this 
pulse 
enables 
the 
MPU 
to write 
into 
dynamic 
RAM. 


*14.31818 
MHz is 4 times 3.579545 
MHz television 
color subcarrier. Other frequencies 
may be used. (See page 12.1 
"When 
VDG and SAM are not yet synchronized 
the "square wave" will stretch (see page 10.) 
t 
Due to fast transitions. 
ferrite beads in series with these outputs may be necessary to avoid high frequency (.• 60 MHz) resonances. 


• 


• 


~ 
CHAHOI '110M H TO l 
WIll 
CHAHOI '''OM 
H TO L 


~ 
CHAHof 
'1l0M 
L TO H 
Will 
CHANGE '''OM 
l TO H 


~ 
ANYCHAHQE'EIlMITTED 


•. 
IdIOt·RIM! 
__ 
'dIOl_AIL. 


"'OHIC) 
'dIOlAOH) 
'd(OL·ROll 


''''OHICI 
Vouel 
VOlIC) 
IcllOl·CH) 


VOH1C) 


~ 
CHANOE 
""OM 
H TO l 
WIll 
CHANO! 
'flOM 
" TO l 


~ 
C"ANGE 
""OMl 
TO" 
WIll 
C"ANOt: 
""OM 
l TO H 


~ 
AN'I' CHANOE 
'E •••••'"EO 


'0' 
ld(Ol·A", 
~ ...• 
...• 


...• 


.-4 
..•. 
IdIOl·WHl 
.... 


VOHIC) 


IdlOl-",IHI 


VOHlCI 
ld(Ot_ROHI 


iiiSl-· 
(.I(.lel(modul 


Ji'A"SO_. 


-Timing 
point' 
marked 
with 
"-" 
are defined 
.I,ewhere 
(,pecifically, 
8 cycle, 
of "O'COut" 
to the left or the right.) 
Note, 
1: In the "f •• t MPU rlt." 
mode, the time ,lot 
otherwise 
u•• d for I VOG addre •• i, used for a second MPU addr •••. 
2: The p.riod 
of "VClk" 
i. four time. 
that of "O,cOut" 
unle •• the .ynchronization 
proce •• i. incomplete. 


AI,o, 
VClk may ri.e within 
td(OH·VHI 
nano.econd. 
of TO, T1, 
T2 •... 
or TF . 
• 


Refresh 
Refresh 
Request 
Grant 


Refresh Counter 
60Se 
-;- 16 
TV 
Refresh 
Clock 


12 
Logic 


Control 
Register 
Write 
Strobe 
A15 
615 


A14 
A14 
614 
II 


A13 
A13 
613 


A12 
A12 
612 


A11 
A11 
611 


A10 
A10 
610 


A9 
A9 
Address 
69 
Multiplexer 


A8 
A8 
(See page 9 for signal 
68 
routing and timing) 


A7 
A7 
67 


A6 
A6 
66 


AS 
A5 
65 


A4 
A4 
64 


A3 
A3 
63 


A2 
A2 
62 
MO 


A1 
Al 
61 


AO 
AO 
60 
Z7 
Z6 
Z5 
Z4 
Z3 
Z2 
Zl 
ZO 


SAM BLOCK DIAGRAM 
DESCRIPTION 


MPU Addresses 
(AO - A 15): 


These 16 signals 
come directly 
from 
the MPU and are used to directly 
address 
up to 64K memory 
locations 
(K= 1024) or to indirectly 
address 
up to 96K memory 
locations, 
by using 
a paging 
bit "P" 
(see pages 17 and 
18 for memory 
maps.) 
Each input 
is approximately 
equivalent 
to one low power 
Schottky 
load. 


VDG Address 
Counter 
(BO - B15): 


These 16 signals 
are derived 
from 
one input 
(DAO) which 
is the least significant 
bit of the VDG address. 
Most 
of the counter 
is simply 
binary. 
However, 
to duplicate 
the various 
addressing 
modes 
of the 
MC6847 VDG, 


ADDRESS MODIFIER logic 
is used. Selected 
by three VDG mode bits (V2, Vl, 
and VOl from 
the SAM CONTROL 
REGISTER, eight 
address 
modifications 
are obtained 
as shown 
in Figure 5. 


Also, 
notice 
that 
bits 89-815 
may be loaded from 
bits FO-F6from 
the CONTROL REGISTER. This allows 
the 
starting 
address 
of the VDG display 
to be offset 
(in V2Kincrements) 
from 
$0000 to $FFFFt. 
89-815 
are loaded 
when a VERTICAL PRE-LOAD(VP) pulse is generated. 
VP goes active (high) when HS from the VDG rises if DAO 
is high 
(or a high 
impedance.) 
This 
condition 
should 
occur 
only 
while 
the TV electron 
beam 
is in vertical 
blanking 
and is simply 
implemented 
by connecting 
FS and MS together 
on the MC6847. The VP pulse 
also 
clears bits 81 - 88. 
Finally, 
a HORIZONTAL 
RESET (HR) pulse 
may also affect the counter 
by clearing 
bits 81 - 
83 or 81 - 
84 
when 
HS from 
the VDG is LOW (see Figure 5.) The HR pulse should 
occur only while 
the TV electron 
beam is 
in horizontal 
blanking. 


In summary, 
DAO clocks the VDG ADDRESS COUNTER; HR initializes 
the horizontal 
portion 
and VP initializes 
the vertical 
portion 
of the VDG ADDRESS COUNTER. 


REFresh Address 
Counter 
(CO - C6): 


A seven 
bit binary 
counter 
with 
outputs 
labeled 
CO - 
C6 supplies 
bursts 
of eight" 
sequential 
addresses 
triggered 
by a HS high 
to low transition. 
Thus, while 
the TV electron 
beam 
is in horizontal 
blanking, 
eight 
sequential 
addresses 
are accessed. 
Likewise, 
the next eight addresses 
are accessed during 
the next horizontal 
blanking 
period, 
etc. In this manner, 
all 128 addresses 
are refreshed 
in less than 
1.1 milliseconds. 


Address 
Multiplexer: 


Occupying 
a large 
portion 
of the block diagram 
in Figure 4, is the address 
multiplexer 
which 
outputs 
bits 
ZO-Z7 (as addresses 
to dynamic 
RAM's.) 
Inputs to the address 
multiplexer 
include 
the VDG address 
(80 - 815) 
the REFresh address 
(CO-C6) and the MPU address (AO- A15) or (AO- A14 plus one paging bit "P".) 
The paging 
bit "P" 
is one bit in the SAM CONTROL REGISTER that is used in place of A15 when 
memory 
map TYpe #0 is 
selected 
(via the SAM CONTROL REGISTER "TY" 
bit.) 
Figure 6 shows which 
inputs 
are routed to ZO- Z7 and when the routing 
occurs relative 
to one SAM machine 
cycle. Notice that Z7 and RASl 
share the same pin. Z7 is selected 
if "Ml" 
in the SAM CONTROL REGISTER IS 
HIGH (Memory 
size = 64K.) 


Address 
Decode: 


At the top left of Figure 
4, is the Address 
Decode 
block. 
Outputs 
S2, Sl, 
and SO form 
a three 
bit encoded 
binary word(S). 
Thus S may be one of eight values (0 through 
7) with each value representing 
a different 
range 
of MPU addresses. 
(To enable 
peripheral 
ROM's 
or I/O, decode 
the S2, Sl, 
and SO bits into 
eight 
seperate 
signals 
by using 
a 74LS138, 
74LS155 or 74LS156. 
Notice that 
S2, Sl, 
and SO are not gated 
with 
any timing 
signals 
such as E or Q.) 
Along 
with 
the A5 - A 15 inputs 
is the MEMORY MAP TYpe bit (TY.) This bit is soft-programmable 
(as are all 
16 bits in the SAM CONTROL REGISTER,) and selects one of two memory 
maps. 
Memory 
map #0 is intended 
to be used in systems 
that 
are primarily 
ROM based. Whereas, 
memory 
map #1 is intended 
for a primarily 
RAM based system with 
64K contiguous 
RAM locations 
(minus 
256 locations.) 
The various 
meanings 
of S2, Sl, 


SO are tabulated 
in Figure 
16 (page 19) and again on pages 17 and 18. 


In addition 
to S2, Sl, 
and SO outputs 
is a decode 
of $FFCO through 
$FFDF which, 
when 
gated with 
E and 
AIW, results 
in the write 
strobe 
for the SAM CONTROL REGISTER. 


SAM Control 
Register 


As shown 
in Figure 4, the CONTROL REGISTER has 16 "outputs": 


~DG Addressing 
Modes: 
V2, Vl, 
VO 
MPU .!!ate: 
Rl, RO 


VDG Address 
OFFset: 
F6, F5, F4, F3, F2, Fl, FO 
!!!emory 
Size (RAM): 
Ml, 
MO 


32K~age 
Switch: 
P 
Memory 
Map TYpe: 
TY 


When the SAM is reset (see page 10,) all 16 bits are cleared. To set anyone 
of these 16 bits, the MPU simply 
writes 
to a unique"" 
odd address 
(within 
$FFCl through 
$FFDF.) To cleer anyone 
of these 
16 bits, the MPU 


• If ~ 
is held low longer than 8 J.LS, then the number of sequential addresses in one refresh "BURST" is proportional 
to the time interval 
during which R'S is low . 


•• See pages 17 or 18 for specific addresses. 
t In this document, the "S" symbol always precesds hexidecimal characters. 


• 


• 


simply 
writes 
to a unique·· 
even address 
(within 
$FFCO through 
$FFDE.) Note that the dete on the MPU data 
bus is irrelevant. 


Inputs 
to the control 
register 
include 
A4, A3, A2, Al 
(which 
are used to select which 
one of 16 bits is to be 
cleared 
or setl, 
AO (which 
determines 
the polarity 
... 
clear 
or set,l 
and RIW, E and $FFCO - 
$FFDF (which 
restrict 
the method, 
timing 
and addresses 
for changing 
one of the 16 bits.) 
For more detailed 
descriptions 
of 
the purposes 
of the 16 control 
bits, 
refer to related 
sections 
in the BLOCK DIAGRAM 
DESCRIPTION 
(pages 8 
through 
12) and the PROGRAMMING 
GUIDE (pages 14 through 
18). 


Mode 
Division 
Variabla. 
Bit. 
Cleared 
by HS (low) 


V2 
VI 
VO 
X 
Y 


a 
a 
a 
I 
12 
81-84 


a 
a 
I 
3 
1 
81-83 


a 
I 
a 
I 
3 
81-84 


a 
I 
I 
2 
I 
81-83 


I 
a 
a 
I 
2 
81-84 
I 
a 
I 
I 
I 
81-83 


I 
1 
a 
I 
I 
81-84 
I 
1 
I 
I 
1 
None 
(DMA 
MODEl 


Memory 
Size 
Signal 
Row/Column 
Signal. 
Routed 
to 
20-27 
Timing 


Ml 
MO 
Source 
27 
26 
25 
24 
23 
22 
21 
20 
(Figure 
21 


4K 
0 
0 
MPU 
ROW 
* 
A6 
AS 
A4 
A3 
A2 
Al 
AO 
T7-TA 


COL 
* 
L 
All 
Ala 
A9 
A8 
A7 
A6 
TA-TF 


VDG 
ROW 
* 
B6 
B5 
B4 
83 
82 
Bl 
80 
TF-T2 


COL 
* 
L 
Bl1 
Bl0 
B9 
B8 
B7 
B6 
T2-T7 


REF 
ROW 
* 
C6 
CS 
C4 
C3 
C2 
Cl 
co 
TF-T2 


COL 
* 
L 
L 
L 
L 
L 
L 
L 
T2-T7 


16K 
0 
I 
MPU 
ROW 
* 
A6 
AS 
A4 
A3 
A2 
Al 
AO 
T7-TA 


COL 
* 
A13 
A12 
All 
Ala 
A9 
A8 
A7 
TA-TF 


VDG 
ROW 
* 
B6 
BS 
B4 
B3 
B2 
Bl 
BO 
TF-T2 


COL 
* 
B13 
B12 
Bll 
Bl0 
B9 
B8 
B7 
T2-T7 


REF 
ROW 
* 
C6 
CS 
C4 
C3 
C2 
Cl 
co 
TF-T2 


COL 
* 
L 
L 
L 
L 
L 
L 
L 
T2-T7 


64K 
(dynamicl 
MPU 
ROW 
A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 
T7-TA 


COL 
PIA I S*·* 
A14 
A13 
A12 
All 
Ala 
A9 
A8 
TA-TF 
I 
0 


VDG 
ROW 
87 
86 
8S 
84 
83 
82 
81 
BO 
TF-T2 


COL 
81S 
814 
813 
812 
811 
810 
89 
88 
T2-T7 


REF 
ROW 
L 
C6 
CS 
C4 
C3 
C2 
Cl 
co 
TF-T2 


COL 
L 
L 
L 
L 
L 
L 
L 
L 
T2-T7 


64K 
I.taticl 
MPU 
ROW 
A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 
T7-n 
I 
I 
COL 
PIA 15*** 
A14 
A13 
A12 
All 
Ala 
A9 
A8 
T9-TF 


VDG 
ROW 
87 
B6 
8S 
B4 
83 
82 
Bl 
BO 
TF-Tt 


COL 
81S 
B14 
B13 
812 
811 
810 
89 
B8 
Tt-T7 


REF 
ROW 
L 
C6 
CS 
C4 
C3 
C2 
Cl 
co 
TF-Tt 


COL 
L 
L 
L 
L 
L 
L 
L 
L 
Tt-T7 


". 
Notes: "l 
Imploe. logical LOW level. 


"27 functions as RASI and its 1ev.1is address dependent. For .xample. 
whon using two banks of 16K x 1 RAMs, RASO is activ. for addr••••• 
$0000 to $3FFF and RASI is activo for addresses $4000 to $7FFF. 
"""" Map TYpe - 
0, then page bit "PO is 111. output (ottoerwiso At5). 


Internal 
Reset 


By lowering 
VCC below 
0.6 volts 
for 
at least 
one 
millisecond, 
a complete 
SAM 
reset 
is initiated 
and 
is 
completed 
within 
500 nanoseconds 
after 
VCC rises above 4.25 volts. 


NOTE: In some 
applications, 
(for 
example, 
multiple 
"VDG-RAM" 
systems 
controlled 
by a single 
MPU) 
multiple 
SAM ICs can be synchronized 
as follows: 


• Drive all SAM's 
from 
one external 
oscillator. 


• Stop external 
oscillator. 
• Lower 
VCC below 
0.6 volts 
for at least 1.0 millisecond. 
• Raise VCC to 5.0 volts. 
• Start 
external 
oscillator. 


• Wait at least 500 nanoseconds. 
Now, the "E" 
clocks from 
all SAM's 
should 
be in-phase. 


External 
Reset 


When 
the VClk pin on SAM is forced 
below 
0.8 volts 
for at least eight 
cycles 
of "oscillator-out", 
the SAM 
becomes 
partially 
reset. That is, all bits in the SAM control 
register 
are cleared. 
However, 
signals 
such as RAS, 
CAS, WE, E or Q are not stopped 
(as they 
are with 
an internal 
reset), since the SAM must 
maintain 
dynamic 
RAM refresh 
even during 
this external 
reset period. 


Figure 
7 shows 
how VClk can be pulled 
low through 
diode 
Dl when 
node "A" 
is low." 
When 
node "A" 
is 
high, 
only 
the backbiased 
capacitance 
of diode 
Dl 
loads the 3.58 MHz on VClk. Diode 
D2 helps discharge 
Cl 
(Power-on-Reset 
capacitor) 
when 
power 
is turned 
off. Diode 
D3 allows 
the MPU reset time 
constant 
R2C2 to 
be greater 
than the SAM reset time 
constant. 
Thereby, 
ensuring 
release of the SAM reset prior 
to attempting 
to program 
the SAM control 
reg.ister. 


Manual 1 
System 
Reset /1 
Switch' 


VDG Synchronization 


In order for the VDG and MPU 'to share the same dynamic 
RAM (see page 13,) the VDG clock must be stopped 
until 
the VDG data fetch 
and MPU data fetch 
are synchronized 
as shown 
in Figure 
12. Once synchronized, 
the 
VDG clock resumes 
its 3.579545 
MHz rate and is not stopped 
again unless an extreme 
temperature 
change 
(or 
SAM 
reset) 
occurs. 
When 
stopped, 
the VDG clock 
remains 
stopped 
for 
no more 
than 
32 OSCOut cycles 
(ap- 
proximately 
2 microseconds.) 
In the block diagram 
in Figure 4, DAO enters a block labeled VDG Timing 
Error Detector. 
If DAO rises between 
time 
reference 
points"" 
TA and TC, then Error is high and VClk is the result of dividing 
BOSC (Buffered 
OSCOut 


= 14 MHz) by four. 
However, 
if DAO rises outside 
the time Window 
TA to TC, then Error goes LOW and the VDG 
stops. A START pulse at time reference 
point TB (center of Window) 
restarts the VDG ... 
properly 
synchronized. 


• 


• 
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Two bits in the SAM control 
register 
determine 
the period 
of both "E" 
and "Q" MPU clocks. Three rate modes 
are implemented 
as follows: 


RATE 
MODE 
R1 
RO 


SLOW 
0 
0 
The frequency of "E" (and "Q") is f crystal -;- 16. This rate mode is automatically selected when 
the 
SAM 
is reset. 
Note 
that 
system 
timing 
is least 
critical 
in this 
"SLOW" 
rate 
mode. 


A.D. 
0 
1 
The frequency of "E" (and "Q") is either f crystal -;-16 or f crystal -;-8, depending on the address 
(Address Dependent) 
the MPU is presenting. 


FAST 
1 
X 
The frequency of "E" (and "Q") is f crystal -;-8. This is accomplished by stealing the time that 
is normally used for VDG/REFRESH,and using this time for the MPU. Note: Neither VDG display 
nor dynamic RAM refresh are available in the "FAST" rate mode. (Both are available in SLOW 
and A.D. rate modes). 


When 
changing 
between 
any two 
of the three 
rate modes, 
the following 
procedures 
must 
be followed 
to 
ensure 
that 
MPU timing 
specifications 
are met: 


RATE 
MODE 


SLOW 
~"" 
1"'" 
/: 
'",,,,,,.'''",.j 
A.D. 
- - - - - - - - -:z:- ~quen==-#2- 
-'\: 
~t~owed 
exce~!_b.'!'.-:_ 
FAST 
(See Below) 
S 
R1 
hardware reset.....A 
et 
. 
• 
Set RO,then CLEARR1 
• 


May be ANY address from $0000 to $7FFF. 
SEQUENCE#1: 
_ 


7D 00 00 TST #$0000 ... 
Synchronizes STA instruction to write during T2-TG (See Figure #8).- 
21 00 
BRN 00 
B7 FF D6 STA #$FFD6 ... 
Clears bit RO 


Changing the MPU Rate (In 
Address 
Dependent 
Mode) 


When the SAM control 
register 
bits "R1", 
and "RO" are programmed 
to "0" 
and "1", 
respectively, 
the 
Address 
Dependent 
Rate Mode 
is selected. 
In this mode, the 
-;- 16 MPU rate is automatically 
used when 
addressing 
within 
$0000 to $7FFF* or $FFOOto $FF1 F ranges. 
Otherwise 
the 
-;- 8 MPU rate is automatically 
used. (Refer to Figure 
8 for sample 
"E" 
and "Q" waveforms 
yielding 
-;- 8 to -;- 16 and 
-;- 16 to -;- 8 rate 
changes). 
This mode 
often 
nearly 
doubles 
the MPU throughput 
while 
still 
providing 
transparent 
VDG and 
dynamic, 
RAM refresh 
functions. 
For example, 
since much of the MPU's time 
may be spent 
performing 
internal 
MPU functions 
(address 
= $FFFF)**, 
accessing 
ROM (address 
= $8000 to $FEFF) or accessing 
1/0 
(address 
= $FF20 - 
$FF5F), the faster 
f crystal 
-;- 8 MPU rate may be used much of the time. 


fast 
slow 
fast 


( 
A 
, {~-----------~A------------ __'\~ 
E:~~~~~--~~-_~~I 
r--L 


Q:~ 
r---I 
~_ 
1 
I 
1 
r------JLJ 


"slow" 
address detected hert 
"fast" 
address detected hert 


Oscillator 
In Figure 4, an amplifier 
between 
Oscln and OSCOut provides 
the gain for oscillation 
(using a crystal 
as shown 
in Figure 
9.) Alternately, 
Pin 5 (Oscln) 
may be grounded 
while 
Pin 6 (OSCOut) may be driven 
at low-power 
Schottky 
levels 
as shown 
in Figure 
10. Also, see VIH, VIL on page 2. 


Max 
Typ 
Min 
Unit. 


InH(Osc) 
- 
30 
22 
ns 


InL(Osc) 
- 
30 
22 
ns 


Icvc(Osc) 
- 
70 
62.4 
ns 


14.31818 
MHz"" 
16.0000 
MHz" 


RS 
100 
± 2.00 
100 
± 2.0 n 


CO 
5.0 pF ± 1.5 pF 
6.0 pF ± 1.0 pF 


Cl 
0.0245 pF ± 15% 
0.0319 pF ± 15% 


L1 
5.05 mH 
3.1 mH 


Q 
50K ± 10K 
40K ± 10K 


Fraq. 
MHz 
CV" 
CF" 
Rl" 
~~::* 
~~:~. 
Xl 


14.31818 2.5-30 
33 
1.5 
- 
lOOK 
10K 
" 
pF 
pF 
kO 


16.0000 
2.5-30 
33 
1.5 
- 
lOOK 
10K 
" 
pF 
pF 
kO 


"-",' 
"\ \ 


\ 
\ 


\ 
\\\ 


\ 
"- 


\ 
"- 


\ 
\\ 
"- " 


A 
101--8 
'-cJ~" 


·Optimum values depend on characteristics of the crystal (Xl). For many applications. VClk must be 3.579545 MHz = 50 Hzl Hence. 


OscQut must be made similarly 
"drift 
resistant" (by balancing temperature coefficients of Xl. CV. eF, Rl. R2 and R31. 


"Specifically 
cut for MC6883 are International Crystal Manufacturing, 
Inc. Crystals (#167568 for 14.31818 MHz or #167569 for 16.0 MHz). 


However, other crystals may be used. 


• 


II 


Video or No Video 


Although 
the MC6883 may be used as a dynamic 
RAM controller 
without 
a video display·, 
most applications 
are likely 
to include 
a MC6847 video 
display 
generator 
(VDG). Therefore, 
this 
document 
emphasizes 
MC6883 
with 
MC6847 systems. 


Shared RAM (with 
interleaved 
DMA) 


To minimize 
the number 
of RAM and interface 
chips, 
both the MPU and VDG share common 
dynamic 
RAM. 


Yet, the use of common 
RAM creates 
an apparent 
difficulty. 
That is, the MPU and VDG must 
both access the 
RAM without 
contention. 
This 
difficulty 
is overcome 
by taking 
advantage 
of the timing 
and architecture 
of 
Motorola 
MPU's 
(MC6800, 
MC6801 E, MC6809E, MC68000). Specifically, 
all MPU accesses of external 
memory 


always 
occur 
in the latter 
half of the machine 
cycle, as shown 
below: 


One Machine Cycle 
( 
A~ 
\ 


'E' Clock'l 
r 
IApprox. 1 MHz) 
I 
I 
I 
1 
_ 
.~--------y------./ Y'--------y---/y 


MPU Address 
MPU Data 
MPU Address 
MPU Data 
Window 
Window 


Similarly, 
the MC6847 (non-interlaced) 
VDG transfers 
a data byte in a half machine 
cycle (E or4>2). Thus, 
when 
properly 
positioned, 
VDG and MPU RAM accesses interleave 
without 
contention 
as shown 
below: 


VDG Address 
v~~~:~a 
VDG Address 
V~~~oa~a 
r------- ,A---------,,.-Av-- 
A 
~~ 


'E' Clock· 
I 
~ 
~ 
_----_ 
IApprox. 1 MHzil 
I 
I 
I 
MPU Half 
I 
VDG Half r 


'~------- -'{----/"-..,,-/'~--- 
-- --'f- _----1y 


MPU Address 
MPU Data 
MPU Address 
MPU Data 
Window 
Window 


This Interleaved 
Direct 
Memory 
Access (IDMA) 
is synchronized 
via the MC6883 by centering 
the VDG data 
window 
half-way 
between 
MPU data windows.·· 
The result 
is a shared 
RAM system 
without 
MPUIVDG 
RAM access contention, 
with 
both 
MPU and VDG 
running 
uninterrupted 
at normal 
operating 
speed, each transparent 
to the other. 


RAM Refresh 


Dynamic 
RAM refresh 
is accomplished 
by accessing eight·" 
sequential 
addresses 
every 64··· 
microseconds 
until 
128 consecutive 
addresses 
have been accessed. To avoid RAM access contention 
between 
REFRESH and 
MPU, each of the 128 refresh 
accesses occupies 
the "VDG half" 
of the interleaved 
DMA (IDMA). 
Furthermore, 


refresh 
accesses occur only during 
the television 
retrace period 
(at which 
time the VDG doesn't 
need to access 
RAM). 
In summary, 
the VDG, MPU and MC6883's 
Refresh 
Counter 
all transparently 
access the common 
dynamic 
RAM without 
contention 
or interruption. 


Why IDMA1 


Use of the interleaved 
direct 
memory 
access results 
in fast modification 
to variable 
portions 
of display 
RAM, 
by the MPU, without 
any distracting 
flashes 
on the screen 
(due to RAM access contention.) 
In addition, 
the 
MPU is not slowed 
down nor stopped 
by the MC6883; thereby, 
assuring 
accurate software 
timing 
loops without 
costly 
additional 
hardware 
timers. 
Furthermore, 
additional 
hardware 
and software 
to give "access 
permission" 


to the MPU is eliminated 
since the MPU may access RAM at any time . 


• Only 1 pin. (DAO) 
out of 40 pins is dedicated to the video display . 


•• See VDG synchronization 
(p..!S.e10) for more detaiL 


••• 
When not using a MC6847, HS may be wired low for continuous transparent 
refresh. 


"Systems 
On Silicon" 
Concept 


Total 
Timing 
For most applications, 
the SAM can supply 
complete 
system 
timing 
from 
its on-chip 
precision 
14.31818 MHz 
oscillator. 
This 
includes 
buffered 
MPU clocks 
(E and 0). VDG clock, color 
subcarrier 
(3.58 MHz). row address 
select 
(RAS), column 
address 
select 
(CAS) and write 
enable 
(WE). 


Total 
Addre •• 
Decode 
For most 
applications, 
the SAM 
plus a "1 of 8 decoder" 
chip completely 
decodes 
I/O, ROM and RAM chip 
selects without 
wasting 
memory 
address space and without 
needlessly 
chopping-up 
contiguous 
address 
space. 


Chip selects 
are positioned 
in address 
space to allow 
three 
types 
of memory 
(RAM, local 
ROM and cartridge 
ROM) independent 
room for growth. 
For example, 
RAM may grow from 
address 
$OOOO-up,cartridge 
ROM may 
grow 
from 
address 
$FEFF-down 
and local 
ROM may grow 
from 
$FBFF-down. 
Alternately, 
if the 
application 
requires 
minimum 
ROM and maximum 
contiguous 
RAM, a second 
choice 
of two 
memory 
maps 
places 
RAM 
from 
$0000 to $FEFF. (See pages 17 and 18.) 
In both 
memory 
maps 
all I/O, MPU vectors, 
SAM control 
registers, 
and some 
reserved 
address 
spaces 
are 
efficiently 
contained 
between 
addresses 
$FFOOand $FFFF. 


How Much RAM? 


Using 
nine SAM pins (ZO - Z7 and RASO) the following 
combinations 
require 
no additional 
address 
logic. 


FIGURE 13 - 
RAM CONFIGURATIONS 


Chip Select: 


MSB 
LSB 


Z5Z4Z3Z2Z1Z0 
RASO 
I 


Z5Z4Z3Z2Z1Z0 
RAS1 (~Z7) r-----One or two banks of 4K x 8 (like MCM4027's) 


Z6Z5Z4Z3Z2Z1Z0 
RASO 
I 


Z6Z5Z4Z3Z2Z1Z0 
RAS1 (= Z7) \ - - - - - - One or two banks of 16K x 8 (like MCM4116's) 


Z7Z6Z5Z4Z3Z2Z1Z0 
RASO- - - - - - - - - - - One bank of 64K x 8 (like MCM6665's) 


SAM - 
Programmability 
The SAM contains 
a 16-bit control 
register 
which 
allows 
the MC6809E to program 
the SAM for the following 
options: 


VDG Addressing 
Mode 
3-bits 
VDG Address 
Offset 
7-bits 
32K Page Switch 
l-bit 
MPU Rate 
2-bits 
Memory 
Size 
2-bits 
Map Type 
l-bit 
Note that when 
the SAM is reset 
by first 
applying 
power 
or by manual 
hardware 
reset, t all control 
register 
bits are cleared 
(to a logic 
"0"). 


VOG Addressing 
Mode 


Three bits (V2, Vl, 
YO) control 
the sequence 
of DISPLAY ADDRESSES generated 
by the SAM (which 
are used 
to scan 
dynamic 
RAM 
for 
video 
information). 
For example, 
if you 
wish 
to display 
Dynamic 
RAM 
data 
as 
INTERNAL 
ALPHANUMERICS 
VIDEO, you should 
program* 
the MC6847 for the INTERNAL 
ALPHANUMERICS 
MODE and CLEAR BITS V2, Vl 
and VO in the SAM. The table 
on the following 
page summarizes 
the available 
modes: 


• 


II 


MC6847 Mode 
SAM Mode 


GM. 
Mode Type 
G/A 
GM2 
GMl 
EXTii 
CSS 
V2 
Vl 
VO 


Internal Alphanumerics 
0 
X 
X 
0 
X 
0 
0 
0 


External 
Alphanumerics 
0 
X 
X 
I 
X 
0 
0 
0 


OSemigraphics - 
4 
0 
X 
X 
0 
X 
0 
0 
0 


Semigraphics - 
6 
0 
X 
X 
I 
X 
0 
0 
0 


Semigraphics 
- 
s- 
O 
X 
X 
0 
X 
0 
I 
0 


Semigraphics 
- 
12· 
0 
X 
X 
0 
X 
I 
0 
0 


Semigraphics - 
24" 
0 
X 
X 
0 
X 
I 
I 
0 


Full Graphics - 
IC 
I 
0 
0 
0 
X 
0 
0 
I 


Full Graphics - 
I R 
I 
0 
0 
I 
X 
0 
0 
I 


Full Graphics - 
2C 
I 
0 
1 
0 
X 
0 
1 
0 


Full Graphics - 
2R 
I 
0 
I 
I 
X 
0 
I 
I 


Full Graphics - 
3C 
I 
I 
0 
0 
X 
I 
0 
0 


Full Graphics - 
3R 
I 
I 
0 
I 
X 
I 
0 
I 


Full Graphics - 
6C 
I 
I 
I 
0 
X 
I 
I 
0 


Full Graphics - 
6R 
I 
1 
I 
I 
X 
I 
I 
0 


Direct 
Memory 
Accesst 
X 
X 
X 
X 
X 
I 
I 
I 


VDG Address 
Offset 


Seven bits (F6, F5, F4, F3. F2, F1 and FOI determine 
the Starting 
Address 
for the video 
display. 
The 
"Starting 
Address" 
is defined 
as "the 
address 
corresponding 
to data displayed 
in the Upper 
Left corner 
of 
the TV screen". 
The "Starting 
Address" 
is shown 
below 
in binary: 


Note that the "Starting 
Address" 
m.ay be placed anywhere 
within 
the 64K address 
space with 
a resolution 
of 
V,K (the size of one alphanumeric 
pagel. 
The F6-FO bits take effect 
during 
the TV vertical 
synchronization 
pulse (I.e., when 
FS from 
MC6847 is low). 


Page Switch 


One bit (P1) is used "in 
place of" 
A 15 from 
the MC6809E in order to refer access within 
$OOOO·$7FFFto one 
of two 32K byte!pages 
of RAM. If the system 
does not use more than 32K bytes of RAM, P1 can be ignored. ** 


MPU Rate 


Two bits (Rl, 
RO) control 
the clock rate to the MC6809E MPU. The options 
are: 


RATE 
(FREQUENCY 
OF "E" 
CLOCK) 
R1 
RO 


0.9 MHz 
(Crystal 
Frequency 
-;- 16) Slow 
0 
0 
0.911.8 
MHz (Address 
Dependent 
Rate) 
0 
1 
1.8 MHz 
(Crystal 
Frequency 
-;- 8) Fast 
1 
X 


(Typical 
Crystal 
Frequency 
= 14.31818 
MHz) 


In the "address 
dependent 
rate" 
mode, accesses to $0000-$7FFF and $FFOO-$FFlF are slowed 
to 0.9 MHz 
(crystal frequency 
-;- 16) and all other addresses are accessed at 1.8 MHz (crystal frequency 
-;- 8.) 
Note: "Slow" 
(0.9 MHz) operation 
can be accomplished 
using 1.0 MHz MC6809E and MC6821 devices. For "Fast" 
(1.8 MHz) operation, 
2.0 MHz MC68B09E and MC68B21 devices 
must be used. 


Memory 
Size 


Two bits (Ml 
and MO) determine 
RAM memory 
size. The options 
are: 


SIZE 
M1 
MO 


One 
or two 
banks 
of 4K 
x 
1 dynamic 
RAMs 
0 
0 
One 
or two 
banks 
of 16K 
x 
1 dynamic 
RAMs 
0 
1 
One 
bank 
of 64K 
x 
1 dynamic 
RAMs 
1 
0 
Up to 64K static 
RAM" 
1 
1 


Note: 
Be sure to program 
the SAM for the correct 
memory 
size before 
using 
RAM (i.e., for a subroutine 
stack). 


Map Type 


One bit (TY) is used to select between two memory 
map configurations. 


Refer to pages 17, 18 and 19 for details. 
Early versions 
of the SAM did not allow the "Fast" 
MPU rate to be 
used in conjunction 
with 
Map Type "TY = 1". Devices manufactured 
after January 
1, 1983 allow 
both "Fast" 
and "Slow" 
MPU rates to be used with 
Map Type "TY 
= 1." (Date of manufacture 
is marked 
on devices 
as 
YYWW where YY is the year and WW is the week of manufacture.) 


Writing 
To The SAM Control 
Register 


Any bit in the control 
register 
(CR) may be set by writing 
to a specific unique address. Each bit has two unique 
addresses ... 
writing 
to the even # address cleers the bit and writing 
to the odd # address sets the bit. (Data 
on the data bus is irrelevant 
in this procedure.) 
The specific addresses are tabulated 
on pages 17 and 18. 


If desired, 
a short 
routine 
may be written 
to program 
the SAM CR "a word 
at a time". 
For example, 
the 
following 
routine 
copies "B" 
bits from 
"A" 
register 
to SAM CR addresses beginning 
with address "X". 


SAM1 
46 
ROR 
A 
24 
06 
BCC 
SAM2 
30 
01 
INX 
(LEAX1,X) 
A7 
80 
STA 
O,X' 


20 
02 
BRA 
SAM3 


SAM2 
A7 
81 
STA 
O,X++ 


SAM3 
5A 
DEC 
B 
26 
F2 
BNE 
SAM1 
39 
RTS 


7 
6 
5 
4 
3 
2 
1 
0 
C 
C=~D) 


II 


• 


MC6S09E 
MC6S09E 
__ 
S -+- Address 
Vectors, 
Bits 
+ 


SAM 
;~ 
$FFFF 
Control, 


I/O 
$FFOO 


I 
I 
I 
I 
I 
I 
I 
I 
RAM 
(5=0 
if R/W = 
1) 
(5=7 
if R/W = 0) 
I 
I 
II 
I 
I 
I 
"T 


16K 


52, 
51, SOMC6S09E 
Value Address 
Label 
Definitions 
t 
t 
~~--- 


Reserved 


for 
future 
MPU 


enhancements. 


Display 


Offset 
(Binary) 
IDf~r6RG~~ 


I I 
rGfTGrG~Ar~E' 
54, S6 


o 
0 
0 


o 
0 
0 
0 
VDG 
Mode 
(SAM) 


·Note: 
M.S .• 
Most Significant 
L.S. - 
least 
Significant 
e 
s 
- 
esel t BiBt. l 
(All bits are cleared 
when 
SAM is reset.) 


- 
88r 
It) 
S = Device Select value 
= 4 x 52 + 2 x 51 + 1 x SO 


(5 = 3 
if 
R/W =0) 


(5 = 0 
if 
RIW = 1) 


(8 =-2 ••• 


if 
RIW =0) 


(5 = 0 
if 
RIW =1) 
RAM 


(5 = 1 
if 


(5=0 
if 
RIW=l) 


(5=7 
if 
RIW=O) 


MC6809E 
Address 
t 
$FFFF 


Label 
Definitions 


M. 
RESET 


M 
NMI 


M. 
SWI 


iiffi 


M. 
FIRQ 


SWI2 


M 
SWI3 


Reserved 


for 
future 
MPU 


enhancements. 


Do not use! 


-Note: 


M.S. ,. Most Significant 
l.S. 
!!!I! Least Significant 


TV 
Map 
T 
e 


MI 
Memory 


MQ 
Size 


RI 
MPU 


RO 
Rate 


p, 
Page #1 
(No 
effect 
in this 
map 
typel 


F. 
Addres!: 
of "Upper-left-Most 


F5 
Display 
Element" 
= $0000 
+ (V2K· Offset) 


F' 
Display 


F3 
Offset 
IOM:~,", 
G3R 
(Binary) 


Illr'F'p,~":::".- 


F2 


F1 


FO 


V2 
VDG 


v, 
Mode 
(SAM) 


VO 


ROM Boot Load" 


& Me6809 
Vectors 


··Decode 
52,51. 
and SO with an open 


collector SN74LS156 
and 'wire-or' 
state 7 
with state 2. (See Appendix 
B for 
suggested decode circuit.) 


"·To 
avoid ROM enable during A/TN= LOW, 


the ROM at S = 2 must be gated with R/W. 
(See Appendix 
B for suggested 
decode circuit.) 


S • 
Set Bit 
t. 
S 
. 


C • 
Clear Bit ~ (All bits are cleared 
when 
AM 
IS reset.) 


S = Device Select value = 4 x S2 + 2 x S1 + 1 x SO 


• 


• 


5=4(52)+2 
(51)+50 
Address 
Range 
5 Value 
Intended 
Use 


$FFF2 to FFFF 
2 
MC6809E 
Vectors: 
Reset, 
NMI, 
SWI, 
IRQ, FIRQ, 5W12, 
5W13. 


FFEO to FFFl 
2 
Reserved for future MPU enhancements. 
FFCO to FFDF 
7 
5AM 
Control 
Register: 
VO, - 
V2, FO - 
F6, P, RO, Rl, 
MO, Ml, 
TV. 


FF60 to FFBF 
7 
Reserved 
for future 
control 
register 
enhancements. 


FF40 to FF5F 
6 
1/02: 
Input/Output 
(PIAs, 
ACIAs, 
etc.) 
To subdivide, 
use AD - A4. 


FF20 to FF3F 
5 
1/°1: 
Input/Output 
(PIAs, 
ACIAs, 
etc.) 
To subdivide, 
use AD - A4. 
FFOO to FF1 F 
4 
1/00: 
Input/Output 
(PIAs, 
ACIAs, 
etc.) 
To subdivide, 
use AD - A4. 


COOOto FEFF 
3 
ROM2: 
16K addresses. 
External 
cartridge 
ROM'. 


AOOO to BFFF 
2 
ROM1: 
8K addresses. 
Internal 
ROM'. 
Note 
that 
MC6809E 
vector 
addresses 
select 
this 


ROM'. 


8000 to 9FFF 
1 
ROMO: 
8K addresses. 
Internal 
ROM'. 
0000 
to 7FFF 
o if R/Vii ~ 
1 
RAM: 
32K addresses. 
RAM 
shared 
by MPU 
and 
VDG. 


7 if R/Vii 
~O 


5=4(52)+2 
(51)+50 
Address 
Range 
5 Value 
Intended 
Use 


$FFF2 to FFFF 
2 
MC6809E 
Vectors: 
Reset, 
NMI, 
5WI, 
IRQ, FIRQ, SWI2, 
SWI3. 


FFEO to FFFl 
2 
Reserved 
for future 
MPU 
enhancements. 


FFCO to FFDF 
7 
5AM 
Control 
Register: 
VO - 
V2, FO - 
F6' P, RO, Rl, 
MO, Ml, 
TV. 


FF60 to FFBF 
7 
Small 
ROM: 
Boot 
load 
program 
and 
initial 
MC6809 
vectors. 
FF40 to FF5F 
6 
1/02: 
InputlOutput 
(PIAs, 
ACIAs, 
etc.) 
To subdivide, 
use AO-A4. 


FF20 to FF3F 
5 
1/01: 
Input/Output 
(PIAs, 
ACIAs, 
etc.) 
To subdivide, 
use AD - A4. 


FFOO to FFl F 
4 
1/00: 
Input/Output 
(PIAs, 
ACIAs, 
etc.) 
To subdivide, 
use A2 - A4. 


0000 to FEFF 
o if RNV ~ 
1 
RAM: 
64K( - 256) addresses, 
shared 
by MPU 
and 
VDG. 
(If R/Vii ~ 
0 then 
5 ~ 3 for 
$COOO-$FEFF; 
5 
= 2 for 
$AOOO-$BFFF; 
S ~ 1 for 
S8000-S9FFF 
and 
5 = 7 for 
SOOOO-S7FFF.) 


APPENDIX 
A 


VDG/SAM 
Video 
Display 
System 
Offers 
3 New 
Modes 
by 
Paul Fletcher 


There are three new modes created when the VDG 
ience 82 should 
be made equal to 80 and 83 should 
and SAM are used together 
in a video 
display 
sys- 
be made equal to 81. This eliminates 
a screen place- 
tem. These modes offer alphanumeric 
compatibility 
ment 
problem 
which 
would 
cause 
other 
codes 
to 
with 
8 
color 
low-to-high 
resolution 
graphics, 
change 
patterns 
when 
moved 
vertically 
on 
the 
64Hx64V, 
64Hx96V, 
64Hx192V. 
The new modes 
S8, 
screen. 
The illuminated 
boxes 
can be one of eight 
S12, and S24 are created 
by placing 
the VDG in the 
colors 
which 
are controlled 
by 84 - 86 (see Figure 
Alpha 
Internal 
mode 
and having 
the SAM in a 2K, 
18). The bytes needed to control 
allthe 
boxes in the 
3K or 6K full 
color 
graphics 
mode. 
In all modes the 
8*12 
dot 
box 
must 
be spaced 
32 address 
spaces 
VDG's 
SiA and Inv. pins are connected 
to data bits 
apart in the display 
RAM because of the addressing 
DD7 and DD6 to allow 
switching 
on the fly between 
scheme 
orginally 
used 
in the VDG 
and duplicated 
Alpha 
and 
Semigraphics 
and 
between 
inverted 
by the SAM. This means to place an alphanumeric 
and 
non-inverted 
alpha. 
This 
method 
is used 
in 
character 
on the 
TV 
screen 
it requires 
4, 6, or 12 
most VDG 
systems 
to obtain 
maximum 
flexibility. 
bytes depending 
on the mode used. These bytes are 
The three modes divide the standard 
8*12 dot box 
placed 
32 memory 
locations 
apart 
in the 
display 
used by the VDG for the standard 
alpha 
and semi- 
RAM (see Figure 
181. This multiple 
byte format 
al- 
graphics 
modes into eight 
4*3 dot boxes for the S8 
lows the mixing 
of character 
rows of different 
char- 
mode, twelve 
4*2 dot boxes for the S12 mode, 
and 
acters in the same 8*12 dot box creating 
new char- 
twenty-four 
4*1 dot boxes for the S24 mode. Figure 
acters 
and 
symbols. 
It also 
allows 
overlining 
and 
17 shows the arrangement 
of these boxes. One byte 
underlining 
in eight 
colors 
by switching 
to semi- 
is needed 
to control 
two 
horizontally 
consecutive 
graphics 
at the correct 
time. 
boxes. 
It therefore 
takes four 
bytes for the S8, six 
These 
new 
modes 
optimize 
the 
memory 
versus 
bytes for the S12, and 12 bytes for the S24 mode to 
screen 
density 
tradeoffs 
for 
RF performance 
on 
control 
the entire 
8*12 dot box. These two horizon- 
color 
TVs. This could 
make them the most versatile 
tally 
consecutive 
boxes 
have four 
combinations 
of 
of all the modes 
depending 
on the users creativity 
luminance 
controlled 
by bits 
80 - 
83. For conven- 
and the software 
sophistication. 


APPENDIX B 
Memory Decode for "MAP TYPE = 1" 


MPU 
Vectors 
and 
Boot 
Load 
ROM 
128 X 8 (or 256 X 81 
EN 
EN 


VCC 
~ 
16 
Gnd 
~ 
8 
+5.0 
RIW 
"7 (03al 
V 


4 


Ea 
+5.0 
"6 (02al 
V 
-=- 
5 
1/02 
Ea 
+5.0 


"5 (Ola) 
V 
1/01 
6 
+5.0 


4" (OOal 
V 
7 
1100 


SN74lS156 


3 (03b) 
12 
NC 


',om "M { 


52 
Eb 
2 (02bl 
11 


14 
Eb 
15 
1(01 b) 
10 
3 
NC 
51 
A, 
+5.0 
V 


50 
AO 
G(OOb) 
9 


13 
RAM 
READ 


• 


17 
8--11 
12 
J 


• 
• • 
• 
• 
• 
• 
• • • •• 
• 
• 
• 
• 


Red 
Red 


Blue 
Off 


Off 
Green 


Orange 
Orange 


Off 
Off 


Yellow 
Yellow 


S01 
is the 
VDG 
"ASCII" 


code 
for 
'A'. 


SXXOO 
(SBF) 


SXX20 
(SAA) 


SXX40 
(SB5) 


SXX60ISFF) 


SXXBO 
(S801 


SXXAO 
(S9F) 


SXXOO 
(SAF) 
SXX20 
(S80) 
SXX40 
(S80) 
VDG 
SXX60 
(S141 
_Code 
SXX80 
(S181 
for 
T 


SXXAO 
(S1811 
$XXCO 
($18) 
VDG 
$XXEO(S18) 
Code 
$X100($18) 
forX 


$X120 
(S18) 
$X140 
($80) 
$X160 
(S8F) 


Blue 
Blue 
Black 
Black 
Black 
Black 
• • • •• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Black 
Black 
Green 
Green 


LX 
C2 
C1 
CO 
Color 


0 
X 
X 
X 
Black 


1 
0 
0 
0 
Green 


1 
0 
0 
1 
Yellow 


1 
0 
1 
0 
Blue 


1 
0 
1 
1 
Red 


1 
1 
0 
0 
Buff 


1 
1 
0 
1 
Cyan 


1 
1 
1 
0 
Magenta 


1 
1 
1 
1 
Orange 


r-(1~*-jl 


al** 


(bl 


12 
J 


CI 


(dl 


L1 
LO 


L1 
LO 


L1 
LO 


L1 
LO 


y_----~J 


ASCII Code 


(i1 
Column 


, 
•• 
32 Columns 
I 
of 58 Blocks------------11 


** 
1*2345 
la)" 
I 
32 
(b)~~mmmE~~~~~~~~~~~~~~~~ 
(c) 
=RI~,.. 
(d( 
:E ~~ 


TV Screen 
Resolution 
Semi = 64 x 64 
Alpha = 32 Char. H. x 16 Rows V 


• 


en 


B3,Bl 
B2,BO 
Z 


4 
.....• 


~ 


~ 


0 
0 
r- 
en 
.....• 
B;] 


(ll) 


0 
~ 
3: 


~ 


(') 


0 
0) 
(ll) 
(ll) 


color 


(,) 


58 Screen Memory Map 
+ 


(all 
(a12 


3 
(a13 
(a14 
lal5 


(al32 
(b11 
Ibl2 


3 
Ibl3 
Ibl4 
Ibl5 


Ibl32 
Icl1 
Icl2 


3 
(c13 
(c14 
(c15 


(c132 
(dll 
$ 
(d)2 
(d)3 
(d)4 
(d)5 


(d)32 
$0 


2nd row of 4 x 


dot boxes 


One ROWOf+ 
8 x 
12 


3rd row of 4 x 


dot boxes+ 
4th row of 4 x 3 
dot boxes 


ROM2 
) 


) 
ENOC 
- 
- 
r- 
- 


A15 


Al4 


A13 


A" 
S 
21 
S 
21 


All 
S 
18 
18 
All 


Al0 
19 
19 
Al0 
Al0 


AS 
22 
22 


AS 
23 
23 


A7 
1 
1 


A6 
2 
2 


A5 
3 
3 


A4 
CSI 
24 
CSI 
24 
4 
4 


A3 
CSO 
22 
CSO 
22 
5 
5 


A2 
6 
6 


Al 
RSI 
35 
RSI 
35 
7 
7 


AO 
RSO 
35 
RSO 
36 
8 
8 


CS2 fE< ioo 
CS2 ~- 
S ~ROM2 
E~ROMl 
'0, 
Rm 
21 
21 


EXPANSION 
8A 


CONNECTOR 
85 


BUSY 


lIC 
'" 
'" 
'" 
." 
:!! 
0 
0 
0 
TSC 
i> 
J> 
~ 
~ 
~ 
~ 
3: 
~ 
3: 
~ 
n 
n 
n 
n 
n 


E 
... 
25 
... 
25 
~ 
~ 
~ 


CD 
CD 
... 
... 
III 
0 
~ 
~ 
CD 
CD 
CD 


J> 
J> 
J> 
. 
... 
... 
... 
. 
;; 
... 
III 
N 
'" 
FtRQ 


'RO 
tRQA.B 
38.37 
tRQAB 
38.37 


HALT 


NMI 


RESET 
34 
34 


~+12V 


+5 V 
20 
20 
24 
24 


GNO 
1 
1 
" 
" 
~~12V 


07 
07 
26 
07 
26 
07 " 
07 " 


D6 
27 
27 
16 
16 


05 
28 
28 
15 
15 


0. 
29 
29 
14 
14 


03 
30 
30 
" 
" 


02 
31 
31 
11 
11 


01 
32 
32 
10 
10 


DO 
DO 


33 
DO 33 
DO 9 
DO 
9 


DSPB 
\. 
'--- 
'--- 


64 KEY 


I 


PS- 
PA- 
C8- 
CA- 
KEYBOARD 
PS- 
PA- 
~I 
~ 
, ~ 
CONNECTS 
~ 
~ 
7 
6 
5 
4 
3 
2 
1 
0 
7 
6 
5 
4 
3 
2 
1 
0 
2 
1 
2 
1 
HERE 
7 
6 
5 
4 
3 
2 
1 
0 
7 
6 
5 
4 
3 
2 
1 
0 
2 
1 
2 
1 


171161151141131121 
"1101 
91 
81 
71 
61 
51 
41 
3121 
'91'81391401 
~ 
"1'61151141"1"1"1'01 
91 
81 
71 
61 
51 
41 
31 
21 
191'81391401 


MC"'7 
Mode 
Co""ol 
•• M,,,, "0 
wnnee" 
he,. 
] 


.7k 
MODULATOR 


+5 V 
CONNECTS 


~ 
+ 
1l 


VCC 


23 
36 
~V 


"7 !- NC 


AlS 
AlS 
_ . - 


22 
AI' 


37 


Al' 
VCC 
6 ~1102 


" 
A13 
38 
A13 
5~I/Ol 
v-'4 


" 
2. 
A12 
3. 
A12 
4~IOO 
A12 


18 
I. A11 
1 
A11 
S2~ 
A2'" 
A11 
_ 
12 
ADM "2 
""~ 
I. 
18 
Al. 
2 
Al. 
~ 3 
AI. 
26 
2 
22 
17 
3 
SI~ 
Al 
••• 


~ROMI 
To 
'" - 
AS 
A. 
27 
1 
;;; 
2 
ChIp 


23 
16 
AS 
• AS 
S.~ 
AQ 
CD 
_ 
Selects 


~AOM~ 
.!.4 
1 
15 
2. 
1 
M 


A7 
A7 


2 
" 
A6 
23 
A6 
o~ 


3 
13 
AS 
22 
AS 
2. 
Vce'" 
16 
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~ 
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6 


8A 
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TO PIA 
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l' 
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BUSY 
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~ 
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22 
DA• 
3. 
." 
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Cl 


34 
0 


" 
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;: 
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'" 
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~ 
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'" 


0 


": 
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- 
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34 
3332 
31 
30 
29 
28 
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I. 
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I 
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[ 
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~1. 
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D6 
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FIGURE 
24 - 
TYPICAL 
INPUT 


VCC 
VCC 


FIGURE 25 - 
TYPICAL 
OUTPUT 


VCC 
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This series of 
devices combines three features usually found 
desirable in bus-oriented systems: 1) High impedance logic inputs 


Insure that these devices 
do not seriously 
load the bus; 2) Three-state 


logic configuration 
allows buffers not being utilized to be effectively 
removed from 
the bus; 3) Schottky 
technology allows high-speed 
operation. 


The devices differ 
in that the non-inverting MC8T95/MC6885 
and inverting MC8T96/MC6886 
provide a two-input 
Enable which 
controls 
all six buffers, while the non-inverting MC8T97/MC6887 
and inverting MC8T98/MC6888 
provide two Enable inputs - 
one 
controlling 
four 
buffers and the other controlling 
the remaining 
two buffers_ 
The units are well-suited for Address buffers on the M6800 or 


similar 
microprocessor 
application. 


• 
High Speed - 8.0 ns (Typ) 


• 
Three-State Logic Configuration 
• 
Single +5 V Power Supply Requirement 
• 
Compatible with 74LS Logic or M6800 Microprocessor Systems 


• 
High Impedance PNP Inputs Assure Minimal Loading of the Bus 


MC8T951MC6885 
MCST96IMC6886 
MC8T971MC6887 
MCST98IMC6888 


HEX THREE-STATE 
BUFFER/INVERTERS 


INPUT EQUIVALENT 


CIRCUIT 


vcc 


QRDERING 
INFORMATION 


(Temperature 
Range 
for 
the 
following 
devices 
•• 


o to +7SoC) 


DEVICE 
ALTERNATE 
PACKAGE 


MCBT95L 
MC6885L 
Ceramic 
DIP 


MC8T96L 
MC6BB6L 
Ceramic 
DIP 


MCBT97L 
MC6887L 
Ceramic 
DIP 


MCBT98L 
MC6888L 
Ceramic 
DIP 


MC8T95P 
MC6885P 
Plastic 
DIP 


MC8T96P 
MC6886P 
Plastic 
DIP 


MCBT97P 
MC6887P 
Plastic 
DIP 


MCBT98P 
MC6888P 
Plastic 
DIP 


• 


• 


Enable 2 
Eriiiiie 
1 
Input 
Output 


L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
X 
Z 
H 
L 
X 
Z 
H 
H 
X 
Z 


Enable 2 
Enable 
1 
Input 
Output 


L 
L 
L 
H 
L 
L 
H 
L 
L 
H 
X 
Z 
H 
L 
X 
Z 
H 
H 
X 
Z 


Enable 
Input 
Output 


L 
L 
L 
L 
H 
H 


H 
X 
Z 


L 
=: Low 
Logic 
State 
H = High 
Logic State 


Z 
= Third 
(High 
Impedance) 
State 


X = Irrelevant 


Enable 
Input 
Output 


L 
L 
H 


L 
H 
L 


H 
X 
Z 


Rating 
Symbol 
Value 
Unit 


Power 
Supply Voltage 
Vc:c: 
8.0 
Vdc 


Input Voltage 
VI 
55 
Vdc 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +75 
°c 


Storage Temperature 
Range 
Tsta 
-65 to +150 
°c 


Operating Junction 
Temperature 
TJ 
°c 


Plastic 
Package 
150 
Ceramic Package 
175 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Voltage - 
High Logic State 
VIH 
2.0 
- 
- 
V 
IVCC = 4.75 V. T A = 250CI 


Input Voltage - 
Low Logic State 
Vil 
- 
- 
0.8 
V 


1VCC = 4.75 V. TA = 250CI 


Input Current - 
High Logic State 
IIH 
- 
- 
40 
~A 


IVCC = 5.25 V. VIH = 2.4 VI 


Input Current - 
Low Logic State 
III 
- 
- 
-400 
~A 


IVCC = 5.25 V. Vil 
= 0.5 v. VILt£) 
= 0.5 VI 


Input Current - 
High Impedance State 
IIHI!;I 
- 
- 
-40 
~A 


IVCC = 5.25 V. VILlII 
= 0.5 V. VIHIEI= 
2.0 VI 


Output Voltage - 
High Logic State 
VOH 
2.4 
- 
- 
V 


IVCC = 4.75 V. 10H = -5.2 mAl 


Output Voltage - 
Low Logic State 
Val 
- 
- 
0.5 
V 


1I0l 
= 48 mAl 


Output Current - 
High Impedance State 
10Z 
~A 
IVCC = 5.25 V. VOH = 2.4 VI 
- 
- 
40 


IVCC = 5.25 V. Val 
= 0.5 VI 
- 
- 
-40 


Output Short-ClrcUlt Current 
10S 
-40 
-80 
-115 
mA 
tvcc 
= 5.25 V. Va = 01 


(only one output can be shorted at a time) 


Power Supply Current 
ICC 
mA 


IVCC = 5.25 VI 
MC8T95. MC8T97. MC6885. MC6887 
- 
65 
98 
MC8T96. MC8T98. MC6886. MC6888 
- 
59 
89 


Input Clamp Voltage 
VIC 
- 
- 
-1.5 
V 


IVCC = 4.75 V. IIC = -12 mAl 


Output VCC Clamp Voltage 
VOC 
- 
- 
1.5 
V 
IVCC = O. lac 
= 12 mAl 


Output Gnd Clamp Voltage 
VOC 
- 
- 
-1.5 
V 


IVCC = o. lac 
= -12 mAl 


Input Voltage 
VI 
5.5 
- 
- 
V 
111= 1.0 mAl 


MC8T95/97 
MC8T96/98 


MC6885/87 
MC8886/88 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Propagation Delay Time - 
High to Low State 
tPHl 
ns 
ICl 
= 50 pFI 
3.0 
- 
12 
4.0 
- 
11 
ICl 
= 250 pFI 
- 
16 
- 
- 
15 
- 


ICl 
=375pFI 
- 
20 
- 
- 
18 
- 


ICl 
= 500 pFI 
- 
23 
- 
- 
22 
- 


Propagation Delay Time - 
Low to High State 
tPlH 
ns 
tCl 
= 50 pFI 
3.0 
- 
13 
3.0 
- 
10 


ICl 
= 250pFI 
- 
25 
- 
- 
22 
- 


tCl 
= 375 pFI 
- 
33 
- 
- 
28 
- 


tCl 
= 500 pFI 
- 
42 
- 
- 
35 
- 


Transition Time - 
High to Low State 
tTHl 
ns 
1Cl = 250 pF! 
- 
10 
- 
- 
10 
- 


(Cl 
• 375 pF! 
- 
11 
- 
- 
13 
- 


1Cl = 500 pFI 
- 
14 
- 
- 
15 
- 


Transition Time - 
Low to High State 
tTlH 
ns 
1Cl = 250 pFI 
- 
32 
- 
- 
28 
- 


1Cl = 375 pF! 
- 
42 
- 
- 
38 
- 


1Cl - 500 pF! 
- 
60 
- 
- 
53 
- 


• 


• 


evcc= 
5.0V, 
TA = 25 C unless otherwise 
noted. 


MC8T95/97 
MC8T96/98 
MC6885/87 
MC6886/88 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Propagation 
Delay Time - 
High State to Third State 
tPHZIEI 
- 
- 
10 
- 
- 
'0 
ns 


1Cl = 5.0 pFI 


Propagation 
Delay Time - 
Low State to Third 
State 
tPlZIEI 
- 
12 
- 
16 
ns 


eCl = 5.0pFI 


Propagation Delay Time - Third State to High State 
tPZHIEI 
- 
- 
25 
- 
22 
ns 


tCl 
= 50pFI 


Propagation Delay Time - Third State to Low State 
tpZLlEI 
- 
- 
25 
- 
- 
24 
ns 


1Cl = 50 pF) 


Open for tpZH(E) 
Test Onlv 


+S V 


Output 


MC8T96. 
Me6S86 


MC8T98 
or Me688S 


Output 
MCBT95 .. MC6885 
MeaT97 
or MCGSS7 


Input Pulse ConditIons 
tTHL 
tTLH' 
10 os 
f 
- 
1.0 MHz 


VOH 
,---l 


~~V 
Output 
~ 


1 .••.•.•....• -----,.;;;'.5V 


tpHZIE) 
~ 
I---- 


y-.-S-V-----:o 
V 


/ 


3.0V 
'.sr 


v 


. 
~l.SV 


o------=_ 
0.5 
V 


Output 
VOL----- 
I 
tPLZIEI 
f--- 


------~--.,-S-V------ 
3.0 
V 


--:\ 
Enable 


tPZLIE) -J I 
\_'.SV_ 


VOL 


\--,-.S-V----- 
3.0 V 


;'\ 
Enable 


tPZHIEI---1 
r--- 
0 
1 


1 
Cv----VOH 


Output 
------- 


MCBT97 


0' 
Other 


AO 


MCM6604A 
NMOS 
Memory 


AS 
Array 
• 


• 
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NON INVERTING 
QUAD THREE-STATE BUS TRANSCEIVER 
This quad three-state bus transceiver features both excellent MOS 


or MPU compatibility, 
due to its high impedance PNP transistor 
input, and high-speedoperation made possible by the use of Schottky 
diode clamping_ Both the -48 mA driver and -20 mA receiver outputs 
are short-circuit protected and employ three-state enabling inputs. 
The device is useful as a bus extender in systems employing the 


M6800 family 
or other 
comparable MPU devices. The maximum 
input 
current 
of 
200 /lA 
at any of the device input pins assures 


proper operation 
despite the limited 
drive capability 
of the MPU 


chip. 
The inputs 
are also protected 
with 
Schottky-barrier 
diode 
clamps 
to suppress excessive 
undershoot 
voltages. 


Propagation delay times for the driver portion are 17 ns maximum 


while the receiver portion runs 17 ns. The MC8T28 is identical to 
the NE8T28 and it operates from a single +5 V supply. 


• 
High Impedance Inputs 


• 
Single Power Supply 


• 
High Speed Schottky Technology 


• 
Three-State 
DrIvers 
and 
Receivers 


• 
Compatible with M6800 Family Microprocessor 


• 
Non-Inverting 


MC8T28 
MC6889 


NONINVERTING 
BUS TRANSCEIVER 


MONOLITHIC 
SCHOTTKY 
INTEGRATED 
CIRCUITS 


LSUFFIX 
_ 
CERAMIC 
PACKAGE 
CASE 
620-02 
J 


", 
. i 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-05 


Receiver 
Enable 
1 
VCC 
Input 


Receiver 
Driver 
Output 
2 
Enable 


1 
Input 


Receiver 
Output 


Drl\ler 
4 


Input 
4 
Bus4 


1 


Receiver 
Driver 


Output 
5 
Input 
2 
4 
Receiver 
Bus 
2 
Output 
3 
DrIver 
Bus3 


Gnd 


ORDERING 
INFORMATION 


Temperature 
Device 
Alternate 
Range 
Package 


MC8T28L 
MC6889L 
o to + 75°C 
Ceramic DIP 


MC8T28P 
MC6889P 
o to + 75°C 
Plastic 
DIP 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
8.0 
Vdc 


Input 
Voltage 
V, 
5.5 
Vdc 


Junction 
Temperature 
TJ 
DC 


Ceramic 
Package 
175 


Plastic 
Package 
150 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +75 
DC 


Storage 
Temperature 
Range 
Tstg 
-65to+150 
C 


CharacterIstIC 
Symbol 
Mon 
Typ 
Ma. 
UnIt 


'nput 
Current 
- 
Low 
LogIc 
State 


(Receiver 
Enable 
Input, 
VILlREI 
= 0.4 VI 
"LlREI 
-200 
"A 


(Driver 
Enable 
Input, 
VILlDE) 
0.4 VI 
" LlDEI 
-200 


(Driver 
Input, 
Vr Ll OJ - 04 
Vl 
"LlDI 
-200 


(Bus 
(Receiver) 
Input, 
V, LIB) 
- 0.4 VI 
IILlBI 
-200 


Input 
Disabled 
Current 
- 
Low 
Logic 
State 
"LlDI 
D'S 
(Driver 
Input, 
VILlDI 
= 0.4 V) 
- 
-25 
"A 


Input 
Current-High 
Logic 
State 


(ReceIver 
Enable 
Input, 
VIH(REI 
525 VI 
"HIREI 
25 
"A 
(Driver 
Enable 
Input. 
VIH1DE) 
525 VI 
"HIDEI 
25 


(Driver 
Input. 
VI HIDl 
525 VI 
"HIDI 
25 


Input 
Voltage 
- 
Low 
LogIc 
State 


(ReceIver 
Enable 
Inputl 
V'LlREI 
085 
V 


(Driver 
Enable 
Input 
V'LlDEI 
085 


(Driver 
Input) 
V'LlDI 
085 


(ReceIver 
Input) 
V'Ll8) 
- 
0.85 


I nput 
Voltage 
- 
High 
Logic 
State 


(Receiver 
Enable 
Input) 
V'HIREI 
20 
V 


(Dover 
Enable 
Inputl 
V'HIDEI 
20 


IDnver 
Inputl 
V'HIDI 
20 


(ReceIver 
Input) 
V'HIBI 
2.0 
- 


Output 
Voltage 
- 
Low 
Logic 
State 


(Bus 
Driverl 
Output, 
IOLlB) 
= 48 
mAl 
VOllBI 
- 
05 
V 


(Receiver 
Output, 
IOLlR) 
= 20 mAl 
VOLIAI 
05 


Output 
Voltage 
- 
HIgh 
LogIc 
State 


(Bus 
(Driverl 
Output, 
IOH(B) 
= 
10mAI 
VOHIBI 
2.4 
31 
V 


(Receiver 
Output, 
'OH(RI 
= 
2.0mAI 
VOHIAI 
2.4 
31 
IAece,v", Output, 'OHIAI 
= -lool"A, 
VCC = 5.0 VI 
3.5 
- 
- 


Output 
DIsabled 
Leakage 
Current 
- 
High 
LogiC 
State 


(Bus 
Driverl 
Output, 
VOHIB) 
= 2.4 VI 
'OHLIBI 
100 
"A 
(Receiver 
Output, 
VOH(R) 
= 2.4 Vl 
'OHLIAI 
100 


Output 
Disabled 
Leakage 
Current 
- 
Low 
LogiC 
State 
IBus Output, VOLIBI 
= 0.5 VI 
'OlLiBI 
- 
- 
-100 
"A 
(Receiver 
Output, 
VOLlR) 
= 0.5 V) 
'OlllAI 
- 
- 
-100 


Input 
Clamp 
Voltage 


(Dover 
Enable 
Input 
IIDlDEI 
= -12 
mAl 
V'CIOEI 
-10 
V 


(Receiver 
Enable 
Input 
'IC(RE) 
= +12 mAl 
V'CIAEI 
- 
-10 


(Driver 
Input 
IICID) 
= -12 
mAl 
V'CIDI 
- 
- 
-10 


Output 
Short-CirCUit 
Current, 
VCC 
- 525 
V III 


(Bus 
(DrIver) 
Outputl 
'OslBI 
-50 
- 
-150 
mA 


(Receiver 
Output) 
'aslAI 
-30 
- 
- 75 


Power 
Sup~y 
Current 
'CC 
- 
- 
110 
mA 


IVCC = 5.25 VI 


• 


Characteristic 
Symbol 
Min 
Max 
Unit 


Propagation 
Delay Time-Receiver 
(CL = 30 pF) 
tPLH(RI 
- 
17 
ns 


tpHL(R) 
17 


Propagation 
Delay Time-Driver 
(CL = 300 pFI 
tPLHID) 
- 
17 
ns 


tpHL(D) 
17 


Propagation 
Delay Time-Enable 
(CL = 30 pF) 
tpZLlR) 
- 
23 
ns 
- 
Receiver 
tpLZ(R) 
- 
18 


- 
Driver Enable (CL 300 pF) 
tpZLlD) 
- 
28 


tpLZ(D) 
- 
23 


FIGURE 
1 - TEST CIRCUIT 
AND WAVEFORMS 
FOR PROPAGATION 
DELAY 
FROM 


BUS (RECEIVER) 
INPUT TO RECEIVER 
OUTPUT. tPLH(R) 
AND tPHL(R) 


ov 


tPHL(RI~ 
r--- 


vOH-----1 
'5V\ 


Receiver 
E;;;bj; 


Input 


Driver 
Enable 
Input 


FIGURE 
2 - 
TEST 
CIRCUIT 
AND 
WAVEFDRMS 
FDR 
PROPAGATION 
DELAY 
TIME 
FROM 


DRIVER 
INPUT 
TO 
BUS 
IDRIVER} 
OUTPUT, 
tpLHID} 
AND 
tpHLlP} 


DrIver 
Enable 


Input 


Receiver 
~ 


Input 


FIGURE 
3 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
TIME 
FROM 


RECEIVER 
ENABLE 
INPUT 
TO 
RECEIVER 
OUTPUT, 
tpLZIRE} 
AND 
tPZLIRE} 


ov 


tPLZ(REl 


~3.5V 
----- 
,ltPZUR'E) 


1.5 v'*'~----- 


• 


• 


FIGURE 
4 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
TIMES 
FROM 


DRIVER 
ENABLE 
INPUT 
TO 
DRIVER 
(BUS) 
OUTPUT, 
'PLZ(DE} 
AND 
'PZLIDE) 


oil 


'PZUDE) 


==3.5V----~ 


Receiver 
~ 
Input 
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MPU-BU5-COMPATIBLE 
a-BIT D-TO-A CONVERTER 


The MC6B90 is a self-contained, bus-compatible, B bit (±0.19% 
accuracy) D-to-A converter system capable of interfacing directly 
with B-bit microprocessors. 


Available in both commercial and military temperature ranges, this 
monolithic converter contains master/slave 
registers to prevent 
transparency 
to data transitions 
during active enable; a laser- 
trimmed, 
low- TC, 2.5 V precision bandgap reference; and high 
stability, laser-trimmed, thin-film 
resistors for both reference input 
and output span and bipolar offset control. 
A reset pin provides for overriding stored data and forcing lout 
to zero. 


• 
Direct Data Bus Link with All Popular TIL Level MPU's 


• 
±1/2 
LSB Nonlinearity Over Temperature 


• 
Fast Settling Time: 200 ns Typ 


• 
Internal 2.5-V Precision Laser-Trimmed Voltage Reference (May 
Also Be Used Externally) 


• 
Minimum Enable Pulse Width: 70 ns 


• 
Fast Enable: 10 ns Maximum Data Hold Time 


• 
Reset Pin to Override Data 


• 
Output Voltage Ranges: +5, +10, +20, or ±2.5, ±5, ±1 0 Volts 


• 
Low Power: 90 mW Typ 


• 
+5 V and -5 V to -15 V Supplies 


Clock, 
Control. 


and 
Address 
Bus 


8-BIT 
MPU-BUS-COMPATIBLE 
DAC 


Temperature 
Range 


0° to +70°C 


_550 to +125°C 


• 


• 


Rating 
Symbol 
Value 
Unit 


Power 
Supply Voltage 
VCC 
+7.0 
Vdc 
VEE 
-18 


Oigitallnput 
Voltage, 
Pins 1-8, 12 
Vin 
-3.0 
to +7.0 
Vdc 
Pin 9 
o to +7.0 


Applied 
Output 
Voltage 
V14 
VEE +2.0 to 
Vdc 
VEE +24 


Reference 
Amplifier 
Input 
V18 
±7.5 
Vdc 


Operating 
Temperature 
Range 
TA 
°c 
MC6890L, 
o to +70 
MC6890AL 
-55 
to +125 


Storage 
Temperature 
Range 
Tsto 
-65 to +150 
°c 


Junction 
Temperature 
TJ 
+150 
°c 


hiah 
' u 
I 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Digital Input logic Levels 
Vdc 


High Level. Logic 1 
VIH 
2.0 
- 
- 


Low Leve l. Log ic 0 
VIL 
- 
- 
0.8 


Digital Input Current 


Data (VIH ; 3.0 V) 
IIH 
- 
0.001 
1.0 
~A 
(VIL; 
0.4 V) 
IlL 
- 
0.5 
-10 
~A 


Enable (VIH ; 3.0 V) 
IIH 
- 
0.001 
1.0 
~A 
(V'L; 
04 
V) 
IlL 
- 
-6.5 
-100 
~A 
Reset (VIH ; VCC) 
IIH 
- 
0.001 
1.0 
~A 
(VIL; 
0.4 V) 
IlL 
- 
-1.0 
-15 
~A 


Full Scale Output 
Current 
- 
Unipolar 
10 
-1.50 
-1.992 
-2.50 
mA 


Unipolar 
Zero Output 
- 
All 8its Off (TA ; 25°C) 
- 
- 
0.010 
0.20 
~A 


Output 
Voltage 
Temperature 
Coefficient 
TCVO 
ppm of 
FSR/oC 


Unipolar 
Zero 
- 
±1.0 
±2.0 
Bipolar Zero 
- 
±5.0 
±15 
Full Scale Range 
- 
±20 
±50 


Output 
Voltage, 
Full Scale Range (See Figure 3) ITA; 
25°C) 
Vo 
Vdc 


(10 V Span) 
9.861 
9.961 
10.061 
(20 V Span) 
19.722 
19.922 
20.122 
(5.0 V Span) 
4.930 
4.980 
5.030 


Output 
Voltage, 
8ipolar 
Zero IMSB on) (See Figure 4) ITA; 
25°C) 
Vo 
mV 
(10 V Span) 
- 
0 
±20 
(20 V Span) 
- 
0 
±40 
(5.0 V Span) 
- 
0 
±10 


OAe Output 
Resistance 
- 
Exclusive 
of Span Resistors 
RO 
1.0 
5.0 
- 
Mn 
(TA; 
25°C) ISee Figure 5) 


Resolution 
- 
B.O 
8.0 
8.0 
Bits 


Nonlinearity 
- 
Relative 
Accuracy 
NL 
- 
- 
±0.19 
% 


(See Terminology) 
1±112 LSB) 


Differential 
Nonlinearity 
Monotonicity 
Guaranteed 


Differential 
Nonlinearity 
(TA = 25°C) 
- 
- 
- 
±0.29 
% 


(See Terminology) 
(±3/4 
LSB) 


Reference 
Input Resistor 
RREF 
3800 
4900 
6800 
n 


Reference 
Output 
Voltage 
(TA ; 25°C) 
VREF 
2.470 
2500 
2.530 
Vdc 


Reference 
Output 
Impedance 
(TA = 25°C) 
Iload = 0-3.0 
mA 
- 
- 
0.3 
1.0 
n 


Reference 
Short Circuit 
Current 
ITA - 25°C) 
IREF 
15 
30 
50 
mA 


Reference 
Output 
Voltage 
Temperature 
Coefficient 
TCVOIREFI 
- 
±20 
- 
ppm/oC 


Power 
Supply Range 
VCC 
4.5 
5.0 
5.5 
Vdc 
VEE 
-16.5 
-12 
-4.5 


Power 
Supply Current 
- 
All Bits Low 
mA 
(VCC; 
5.0 V) 
ICC 
- 
10 
20 
(VEE ; -5.0 
V) 
lEE 
- 
-10 
-15 
(VEE; 
-1 5 V) 
lEE 
- 
-10 
-15 


Power Supply Rejection 
ITA - 25°C) 
PSR 
LSB 
To VCC IVcc 
; 4.5 to 5.5 V) 
- 
0.010 
±1/10 
To VEE (VEE; 
-4.5 V to -16.5 
V) 
- 
0.10 
+112 


Power 
Dissipation 
- 
All Bits Low 
Po 
mW 
For VCC ; 4.5 V, VEE ; -4.5 
V 
- 
90 
158 
For VCC; 
5.5 V, VEE; 
-16.5 
V 
- 
220 
358 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Current 
Settling 
Time 
ts 
- 
200 
300' 
ns 
(Enable 
Positive 
Edge to ±1 /2 
LSB Output) 


Data Setup Time 
tsulDl 
70 
40 
- 
ns 


Data Hold Time 
thlDl 
10 
0 
- 
ns 


Pulse Widths 
ns 
Enable 
tWIEI 
70 
20 
- 
Reset 
twO'll 
100' 
- 
- 


Propagation 
Delays 
ns 
Enable, Low to High 
tPLHIE) 
- 
100 
- 
Reset. 
High to Low 
tPHL(R) 
- 
250 
- 
110< 
1.0 "A) 


Data 
~ 
t 'hiDI 


L..-tsuIDI_ 


j ~~""' 


Reset 
------------------- 
\: 
~ 


~twIR~~ 


lR- 


-= A. Gnd 
VEE 


'1 
VEE 


-5 V 
5 V 


to-15 
V 


17 
10 
Analog 
Digital 
Ground Ground 


• 


II 


MC6890 


TEST FIGURES 


UNIPOLAR 
CONFIGURATIONS 
BIPOLAR 
CONFIGURATIONS 


FIGURE 
3A 
FIGURE4A 


R250n 


19 
15 
19 


Rl 
Rl 


100n 
MC6890 
loon 
MC6890 


18 
18 


-=- 
-=- 
+10 V Configuration 
±S.O V Configuration 
Latched Input Code: 11111111 
Latched Input Code: 1ס0ooooo 


FIGURE 
3B 
FIGURE 
4B 


R250n 


19 
19 


R1 
MC6890 
R1 
100n 
100n 
MC6890 


18 
18 


-=- 
-=- 
+20 V Configuration 
±10 V Configuration 
Latched Input Code: 11111111 
Latched Input Code: 1ס0ooooo 


FIGURE 
3C 
FIGURE 
4C 


R2 50 n 


19 
19 


Rl 
Rl 
lOOn 
MC6890 
loon 
MC6890 


18 
18 


-=- 
-=- 


+5.0 V Configuration 
±2.5 
V Configuration 
Latched Input Code: 11111111 
Latched Input Code: 1000ooo0 


Latched 
Input Code: 11111111 


12 V 
Rout ::alout 


Nonlinearity 
(Relative Accuracy) - 
Maximum output 
deviation from ideal straight line connecting zero and full- 
scale readings, expressed as a fraction of LSB or percent 
of full scale. 


Differential 
Nonlinearity 
- 
Maximum deviation in the 
readings of any two adjacent input bit codes from the ideal 
LSB step, expressed in fractions of LSB or percentage of 
full scale. A differential 
nonlinearity 
value greater than 
1 LSB may lead to non-monotonic operation. 


Monotonicity 
- 
For every increase in the input digital 


word. 
the 
output 
current 
either 
remains 
the 
same 
or 
increases. The MC6B90 is guaranteed to be monotonic 


over temperature. 


Settling 
Time - 
The elapsed time from the Enable 


positive 
transition 
until 
the output 
has settled 
within 
an 
error band about its final value. 


The worst 
case 
switching 
condition 
occurs when all bits 
are latched "on," 
which corresponds to a low-to-high 
transition for all bits. This time is typically 200 ns for the 
current 
output to settle to within 
±1/2 
LSB for B bit 
accuracy. These times apply when the output swing is 
limited to a small «0.5 
V) swing and the external output 
capacitance is under 10 pF. 


Gain Error - 
The difference between the actual full 
scale range and the ideal full scale range. Based on a 0 to 


10 V output configuration, 
the ideal FSR is 255 x 10 V = 


9961 V. 
256 


Gain error islasertrimmedto 
less than±1.0%with 
R1= 
100 0 (Figure 3) and can be user trimmed to zeroerror with 
R1 = 200 0 pot. 


Bipolar 
Zero - 
Using the configuration 
shown 
in 
Figure 6 with R1 = 1000, R2= 500, with the MSB on and 
all other bits off, the output voltage reading compared to 
analog ground is expressed as a percentage of the full- 
scale range. Offset voltage of the output op amp must be 
nulled. Bipolar Zero error is laser trimmed to less than 
0.20% and can be user trimmed to zerowith R2= 1000 pot. 


Temperature 
Coefficients 
- 
(Unipolar zero, Bipolar 
zero,Gain and Reference Output). The maximum deviation 
olthe particular parameter over the specified temperature 
range, divided by the temperature 
range, expressed in 
parts per million of Full Scale Range per degree C. 


Power Supply 
Rejection 
- 
The change in full scale 
current caused by the specified change in VEE or VCC is 
expressed in LSS's. 


Reset Function - 
The MC6B90 has a Resetpin (9)that 
will force the DAC's registers, and therefore the DAC 


output 
current, 
to zero. 
This 
input 
is active 
low and 
should 


not 
occur 
simultaneously 
with 
an 
active 
Enable 
signal 
although 
no harm would result to the converter. The 
power dissipation 
increases slightly during 
Reset low. 


Reset should not be allowed to become more negative 
than ground. 


07 
De 
05 
04 
03 
02 
01 
DO 
VQ (Volts) 


R2~60 
n 
R2 ~ 50 n 
t 
1 
1 
1 
1 
1 
1 
1 
+ 2.490 
+2.480 
1 
1 
1 
1 
1 
1 
1 
0 
+2.470 
+ 2.460 
1 
0 
0 
0 
0 
0 
0 
0 
+0.010 
+0.000 
0 
1 
1 
1 
1 
1 
1 
1 
-0.010 
-0.020 
0 
0 
0 
0 
0 
0 
0 
1 
-2.470 
- 2.480 
0 
0 
0 
0 
0 
0 
0 
0 
- 2.490 
- 2.500 


• 


•• 


~~ 2.500 
~ 
0> 
>- 
2.490 
~ 
0 


TA! 25°C 
r----- 


~ 
2.480 
~i2.470 


10 
15 
20 
25 
30 


IREF. REFERENCE OUTPUT 
CURRENT (mAl 


1.0 


=« 
-1.0 
.:; 
>- 
~ 


-2.0 


B 
-3.0 
>- 
=>~ 
z 
-4.0 
~ 
<3 
-5.0 
c 


-6.0 


VCC= 5.0 V 
-- 
_ 
Data Inputs - 
~ 
TA = 25° 
- 
Reset 


VEnable 
V 
I 


Digital 


Power 
Supply 


Gnd 
Optional 
VCC Kelvin Connection 
in Absence 
of +5.0 V Analog 
Supply 
~---------------- 


Digital 
System 


Ground 


MC68DO 
MC68AOO 
MC688DO 


MC6802 
etc. 


0.1 uF 


0.1 uF 


0.1 uF 


*Note: 
Bypass 
capacitor 
leads should 


be short 


10 
20 
11 


Digital 
Goo 
13 
8ipolar 


• 


Vout 
±5.0V 


• 


® MOTOROLA 


The MC68120/MC68121 
Intelligent 
Peripheral Controller 
(lPC) is a 
general purpose, 
mask programmable 
peripheral controller. 
The IPC 
provides 
the 
interface 
between 
an 
M68000 
or 
M6800 
Family 
microprocessor 
and the final peripheral devices through 
a system bus 
and control lines. System bus data is transferred to and from the IPC via 
dual-port 
RAM while the software 
utilizes the semaphore registers to 
control 
RAM tasking or any other shared resource. Multiple operating 
modes range from a single chip mode with 21 I/O lines and 2 control 
lines to an expanded mode supporting 
an address space of 64K bytes. 


The MC68120 has 2K bytes of on-chip 
ROM to make full use of all 
operating 
modes. 
The MC68121 utilizes only the expanded 
address 
modes, due to the absence of on-chip 
ROM. 


A serial communications 
interface, 
16-bit timer, 
dual-ported 
RAM 
and semaphore registers are available for use by the IPC in all operating 
modes. 


• 
System Bus Compatible with the Asynchronous 
M68000 Family 


• 
System Bus Compatible with the MC6809 and Other M6800 Family 
Processors/ Peripherals 


• 
Local Bus Allows Interface with all M6800 Peripherals 


• 
MC6801 Source and Object Code Compatible 


• 
Upward Compatible with MC6800 Source and Object Code 


• 
2048 Bytes of ROM (MC68120 Only) 


• 
128 Bytes of Dual-Ported 
RAM 


• 
Multiple Operation Modes Ranging from Single Chip to Expanded, 
with 64K Byte Address Space 


• 
Six Shared Semaphore Registers 


• 
21 Parallel I/O Lines and 2 Handshake Lines (5 I/O Lines on 
MC68121) 


• 
Serial Communications 
Interface (SCII 


• 
16-Bit Three-Function 
Timer 


• 
8-Bit CPU and Internal Bus 


• 
Halt/ Bus Available Capability Control 


• 
8 x 8 Multiply 
Instruction 


• 
TTL Compatible 
Inputs and Outputs 


• 
External and Internal Interrupts 


Package Type 
Frequency 
(MHz) 
Generic 
Number 


Ceramic 
1.0 
MC68l20L1 
(Unicorn 
ROM) 


L Suffix 
1.0 
MC68121L 
1.25 
MC68120L1- 1 (Unicorn 
RDMI 


1.25 
MC68l2l 
L-l 


MC68120 
MC68121 


INTELLIGENT 
PERIPHERAL 
CONTROLLER 


~ 
L SUFFIX 


CERAMIC PACKAGE 
CASE 740 


PIN ASSIGNMENT 


VSS 


IRDl 


HALTI 


BA/NMI 


E 


SR/W 
P2i 


OTACK 


c:; 


SA7 
SCI 


SA6 
P30 


SA5 
P3l 


SA4 
P32 


VCC 
P33 


SA3 
P34 


SA2 
P35 


SAl 
P36 


SAO 
P37 


SOO 
P40 


SOl 
P41 


502 
P42 


503 
P43 


S04 
PM 


SD5 
P45 


S06 
P46 


S07 
P47 


~N~~~ 
0... 
0...0...0...0... 


Z~~~~ 
t= 8~~~ 
~ ~~~ 


HALTIBAINMI • 


IRQI 


RESET 


Single ChiPt~ 
~ ~ ~ ~ ~ ~ ~ 1~11Q 


Expanded Non-Multiplexed b~ ~ 2i 8 ~ 0 81~IQ 


l""--(Ol.O'Ct"MN...-O 


Expanded Multiplexed 
~ ~ ~ ~ ~ ~ ~ al~'::1. 
««««««««a: 
~~~~~~~~~~ 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3 
to + 7.0 
V 


Operating Temperature 
Range 
TA 
o to 70 
'c 


Storage Temperature 
Range 
T51g 
-55'0+150 
'c 


THERMAL 
CHARACTERISTICS 


Characteristic 


Thermal 
Resistance 
Ceramic Package 


cs 
SR/W 
OTACK 


'OO} 
SOl 
S02 
S03 
-;: 
~ 
~g~~ 
~ 
co 


S06 
E 


S07 
~ 
'" 


SAO 
SAI 
SA2 
SA3 
SA4 
SA5 
SA6 
SA7 


This device contains circuitry to protect the 


inputs 
against 
damage 
due 
to 
high 
static 
vOltages or electric fields; however. 
it is ad- 
vised that 
normal 
precautions 
be taken 
to 


avoid application 
of any voltage higher than 
maximum 
rated 
voltages 
to 
this 
high- 


impedance 
circuit. 
For proper operation 
it is 
recommended 
that 
Vin 
and 
Vout 
be con- 


strained 
to 
the 
range 
V 5S:S; IVin 
or 
Vout"VCC· 


Unused inputs must always be tied to an 
appropriate 
logic voltage 
level (e.g., 
either 
VSS or VCCI. 


• 


The average chip-junction temperature, Tj, 
in °c can be obtained from: 


Tj=TA+IPO.9jA) 
(ll 


Where: 


TA'" Ambient Temperature, °c 
9jA 
E Package Thermal Resistance, junction-to-Ambient. 
°C/W 


PO'" PINT+ PPORT 
PINT''' ICC x VCC, Watts - 
Chip Internal Power 
PPORT= Port Power Dissipation, Watts - 
User Determined 


For most applications PPORT~ PINT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Po and Tj (if PPORT is neglected1is: 


PO=K+(Tj+2730C) 
121 


Solving equations 1 and 2 for K gives: 


K= PO.IT A + 273°CI + 9jA.Po2 
131 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibrium) 
for a known TA. Using this value of K the values of Po and Tj can be obtained by solving equations (1) and (21iteratively for any 
value of TA. 


Characteristic 
Svmbol 
Min 
lyo 
Max 
Unit 


Input High Voltage 
E 
VEIH 
VCC-0.75 
- 
VCC 
V 


Input Low Voltage 
E 
VEIL 
VSS - 0.3 
- 
VSS+0.6 
V 


Input High Voltage 
iitStT 


VIH 
VSS+4.0 
- 
VCC 
V 
Other Inputs· 
VSS + 2.0 
- 
VCC 


Input Low Voltage 
All Inputs· 
VIL 
VSS-0.3 
- 
VSS+O.B 
V 


Input Load Current 
1m 
- 
- 
0.5 
mA 
(Vin = 0 to 2.4 VI 
Port4 


Input Leakage Current 
1m 
1.5 
2.5 
1Vin = 0 to 5.25 VI 
SCI, HALT /NMI. 
IRQ" 
RESET 
- 
~A 


Three-State 
(Off Statel 
Input Current 
ITSI 
1Vin = 0.5 to 2.4 VI 
SDO-SD7, 
P20-P24, 
P30-P37 
- 
2.0 
10 
~A 


Output 
High Voltage 


IIl0ad= 
-65 
~A, VCC= 
mini 
P40-P47, 
SC1, SC2 
VOH 
VSS + 2.4 
- 
- 
V 
Ilload= 
-100~A, 
Vcc=mlnl 
Other Outputs 
VSS + 2.4 
- 
- 


Output 
Low Voltage 
VOL 
VSS+0.5 
V 
IIload=2.0mA, 
Vcc=minl 
AH Outputs 
- 
- 


Internal Power Dissipation (measured at T A 
O°CI 
PINT 
- 
- 
1200 
mW 


Input Capacitance 
E 
- 
- 
60.0 


1Vin = 0, T A = 25°C, fa = 1.0 MHzl 
P30-P37, P40-P47, SC1 
C,n 
- 
- 
12.5 
pF 
Other Inputs 
- 
- 
10.0 


1 
I~PF 


Rl = 2.0 
kO 


MMD6150 
or EQUIv 


-= 
C=90 
pF for P30-P37, 
P40-P47, 
SC~ 
SC2 
=30 
pF for P20-P24, RALT/llA/Nm 


R=37 
kO for P40-P47, 
SC1, SC2 


= 24 kO for P20-P24, 
HALT /BA/NMI. 
P30-P37 


DC SYSTEM 
BUS ELECTRICAL CHARACTERISTICS 


IVCC~5.0 
Vdc 
±5%, 
VSS~O, 
TA=70'C 
unless otherwise 
noted) 
IRefer 
to Figure 3) 


Characteristic 
Svmbol 
Min 
TVD 
Max 
Unit 


Input High Voltage 
CS, OTACK, 
SAD-SA7, 
SOO-S07, 
SR/W 
VIH 
VSS + 2.0 
- 
VCC 
V 


Input Low Voltage 
CS, OTACK, 
SAO-SA7, 
SOO-S07, 
SR/W 
VIL 
VSS - 0.3 
- 
VSS + 0.8 
V 


Output 
High Voltage 
III nen ~ -400~A, 
VCC~ 
mini 
OT ACK, 
SOO-S07 
VOH 
VSS+2.4 
V 


Output 
Low Voltage 
I'Load 
~ 5.3 mA, VCC= 
mini 
OTACK, 
SOO-S07 
VOL 
- 
- 
VSS+05 
V 


FIGURE 3 - 
TIMING 
TEST 
LOAD 
500-507, 
DTACK 
vcc 


Al= 7500 


MMD6150 


\)f 
EqUl'l 


Characteristics 
Symbol 
Min 
Max 
Unit 


Peripheral Data Setup Time 
tpDSU 
200 
- 
ns 


Peripheral Data Hold Time 
tpOH 
200 
- 
ns 


Delay Time. 
Enable Positive Transition to 053 
Negative Transition 
tOSDl 
- 
350 
ns 


Delay Time. 
Enable Positive Transition to 0S3 Positive Transition 
tOS02 
- 
350 
ns 


Delay Time. 
Enable Negative Transition to Peripheral Data Valid (Ports 2, 3, 4) 
tpwD 
- 
350 
ns 


Delay TIme. 
Enable Negative TransItion to Peripheral CMOS 
Data Valid 
tCMOS 
- 
2.0 
~s 


Input Strobe Pulse Width 
tpWIS 
200 
- 
ns 


Input Data Hold Time 
tlH 
50 
- 
ns 


Input Data Setup Time 
tiS 
20 
- 
ns 


Input Capture Pulse Width 
(Timer Functlon) 
tpWIC 
2 
- 
Ecyc 


P20-P24 
P4D-P47 
Inputs 


Notes: 


1.10 
k Pullup resistor required for Port 2 to reach 0.7 VCC 
2. Not applicable to P21 
3. Port 4 cannot be pulled above VCC 


* Access matches Output 
Strobe Select (OSS = O. a read; 


OSS = 1, a write) 


Note: Timing measurements 
are referenced to and from a low voltage of 0.8 volts and a high vOltage of 2.0 volts, unless otherwise 
noted. 


II 


• 


Ident. 
MC6812O/ 
MC6812O-1/ 


Characteristics 
Symbol 
MC68121 
MC68121-1 
Unit 
Number 
Min 
Max 
M!" 
Max 


1 
Cycle Time 
teye 
1.0 
2.0 
0.8 
20 
~s 


2 
Pulse Width, 
E Low 
PWEL 
430 
1000 
360 
1000 
ns 


3 
Pulse Width, 
E High 
PWEH 
450 
1000 
360 
1000 
ns 


4 
Clock Rise and Fall Time 
tr.tf 
- 
25 
- 
25 
ns 


9 
Non-Muxed 
Address Hold Time 
tAH 
20 
- 
20 
- 
ns 


11 
Address Delay From E Low 
tAD 
- 
260 
- 
220 
ns 


17 
Read Data Setup Time 
IDS A 
80 
- 
70 
- 
ns 


18 
Aead Data Hold Time 
tDHA 
10 
- 
10 
- 
ns 


19 
Write 
Data Delay Time 
tDDW 
225 
200 
ns 


21 
Write 
Data Hold Time 
tDHW 
20 
- 
20 
- 
ns 


23 
Muxed 
Address Delay from AS 
tADM 
- 
90 
- 
80 
ns 


25 
Muxed 
Address Hold Time 
tAHL 
20 
110 
20 
110 
ns 


26 
Delay Time 
E to AS Aise 
tASD 
100 
80 
ns 


27 
Pulse Width, 
AS High 
PWASH 
220 
170 
ns 


28 
Delay TIme AS to E Rise 
lASED 
100 
- 
80 
- 
ns 


29 
Usable 
Access 
Time 
1Note 4) 
tACC 
570 
- 
435 
- 
ns 


Enable 
Rise Time Extended 
tEAE 
80 
80 
ns 


Processor Control Setup Time 
tpcs 
200 
- 
200 
- 
ns 


Processor Control Hold Time 
tPCH 
20 
40 
20 
40 
ns 


IDS, 


A/Iii, 
Address 
(Non-Muxed) 


NOTES 
1. 
VOltage levels shown are VLSO.5 
V, VH2:2.4 
V. unless otherwise 
specified. 


2. 
Measurerr.ent 
POintS shown are 0.8 V and 2.0 V. unless otherwise specIfied. 


3. 
Address valid on the occurrence of the latest of 11 or 23 


4. 
Usable access time is computed 
by: 1 -14 + 11 + 17). 


ASYNCHRONOUS 
SYSTEM 
BUS 
TIMING 
IRefer 
to F'Qures 9. 10. 11 and 121 


Characterisic 
Symbol 
Min 
Typ 
Max 
Unit 


Cycle Time 
teye 
0.8 
- 
20 
~s 


System Address Setup 
tSAS 
30 
- 
- 
ns 


System 
Address 
Hold 
tSAH 
0 
ns 


System Data Delay Read 
0.3+ 
15 
Semaphore 
tSDDR 
0.3 
- 
leye. 
~s 


RAM 
tSDDR 
315 
ns 


System Data Valid 
tSDV 
0 
ns 


System 
Data Hold 
Read 
tSDHR 
0 
- 
100 
ns 


System Data Delay Write 
.. 
Semaphore 
tSDDW 
.. 
- 
ns 


RAM 
tSDDW 
- 
- 
60 
ns 


System Data Hold Wnte 
tSDHW 
0 
- 
- 
ns 


Data Acknowledge 
05+ 
15 


Semaphore 
tDAL 
0.5 
- 
leye. 
~s 


RAM 
tDAL 
315 
ns 


Data Acknowledge 
High 
tDAH 
- 
- 
60 
ns 


Data Acknowledge 
Three·$tate 
tDAT 
- 
- 
90 
ns 


Data Acknowledge 
Low to CS High 
toes 
60 
- 
- 
ns 


SR/W~~ 


SAQ 
SA7 
--------------- 
--tSAH;f- 


SRiw 
~ 
I!lr 


• 


• 


MC681201 
MC68120-1 
Ident 
Characteristic 
Symbol 
MC68121 
MC68121-1 
Unit 
Number 
Min 
Max 
Min 
Max 


1 
Cycle Time 
1eye 
1.0 
10 
080 
10 
~s 


2 
Pulse Width, 
E Low 
PWEL 
430 
9500 
380 
9500 
ns 


3 
Pulse Width, 
E High 
PWEH 
450 
9500 
380 
9500 
ns 


4 
Clock Rise and Fall Time 
1r.lf 
25 
25 
ns 


9 
Address Hold Time 
tAH 
10 
- 
10 
- 
ns 


13 
Address Setup Time Before E 
tAS 
80 
- 
70 
- 
ns 


14 
Chip Select Setup Time Before E 
tcs 
80 
70 
ns 


15 
Chip Select Hold Time 
tCH 
10 
- 
10 
- 
ns 


18 
Read Data Hold Time 
tDHR 
30 
100 
30 
85 
ns 


21 
Wnte 
Data Hold Time 
tDHW 
10 
- 
10 
- 
ns 


30 
Output 
Data Delay Time 
tDDR 
- 
290 
- 
250 
ns 


31 
Input Data Setup Time 
tDSW 
165 
- 
120 
ns 


Clock Enable Rise Time Extended 
tERE 
80 
80 
ns 


CD 


Notes: 
1. VOltage levels shown are VLSO.5 
V, VH~2.4 
V, unless otherwise 
specified. 
2. Measurement 
POints shown are 0.8 V and 20 
V. unless otherwise specIfIed. 


The MC68120/MC68121 is an 8-bit Intelligent Peripheral 
Controller IIPCI which can be configured 
to function 
in a 
wide variety of applications. This extraordinary flexibility is 
provided by its ability to be hardware programmed into eight 
different operating modes. These operating modes allow the 
IPC to operate on its local bus and communicate with an ex- 
ternal system bus through 
the internal dual-ported 
RAM. 


The operating mode controls the configuration 
of 18 of the 
48 pins on the IPC, the available on-chip 
resources, the 
memory map, the location (internal or external 1of interrupt 
vectors, and the type of local bus. The configuration 
of the 
remaining 30 pins is not controlled by the operating mode. 
The dual-ported 
RAM provides a vehicle for devices on 
two separate buses to exchange data without directly affect- 
ing the devices on the other bus. The dual-ported RAM is ac- 
cessible from the MC68120/MC68121 CPU and accessible 
synchronously or asynchronously to the system bus through 
Port 1. Semaphore registers are provided as a software tool 
to arbitrate shared resources such as the dual-ported RAM. 
The semaphore registers are accessible from both buses in 
the same way each bus accesses the dual-ported RAM. 


The remaining ports (2, 3, and 41are liD ports. Each port 
is controlled by its Data Direction Register. The CPU has 
direct access to the port pins of each port through its Data 
Register. Port pins are labeled as Pij where i identifies one of 
three ports and j indicates the particular bit. Port 2 is a 5-bit 
port which may be configured for liD 
or for use of the on- 
chip timer and Serial Communications Interface (SCIl. Ports 
3 and 4 may be used as 16bits of liD or may form a local ad- 
dress and data bus with control lines allowing communica- 
tions with external memory and peripherals. 


The IPC contains an enhanced M6800 MPU with addi- 
tional 
capabilities 
and greater 
throughput. 
It is upward 
source and object code compatible with the MC6800 and 
directly 
compatible 
with 
the 
MC6801. The programming 
model is depicted in Figure 14, where accumulator 
D is a 


concatenation of accumulators A and B. 


The MC68121 has all of the features of the MC68120 with 
the exception of on-chip ROM. Thus the MC68121 normally 
operates in the modes utilizing external ROM (modes 2 and 
31. Therefore, modes 0,1,4,5,6 
and 7 should not be used. 


a-Sn Accumulators 
A and B 


Or 16-Bit Double Accumulalor 
0 


115 
X 
01 
IndexRegisterIXI 


115 
SP 
01 
Stack POinterISPI 


115 
PC 
01 
Program Counter (PCl 


ConditionCodeRegisterICCR) 


Carry/Borrow 
from MSB 


Overflow 


Zero 


Negative 
Interrupt 
Half CarryIFrom Bit 31 


• 


• 


The dual-ported 
RAM 
may be accessed from 
both the 
MC68120/MC68121 
CPU and the external system bus. The 
six sr--3phore 
registers are tools provided for the program- 


mer's use in arbitrating 
simultaneous 
accesses of the same 
resource. 


the dual-ported 
RAM 
has been relocated 
in high memory 
from SCOOOthrough 
SCOFFthus allowing 
use of direct ad- 


dressing mode on external 
memory/peripherals. 
Note that 
no direct addressing of internal control registers is possible in 
mode 3. In mode 4, the internal 
RAM is not fully decoded 
and appears in locations 
SXX80 through 
SXXFF. From the 
external system bus, the dual-ported 
RAM is found in loca- 


tions % 1ס0ooooo-11111111, as shown below in Table 1. 
For the internal CPU, the dual-ported 
RAM is located from 
SOOOOthrough 
SOOFFin all modes except 3 and 4. In mode 3, 


System Bus Address 
Feature 
IPC Address' 
ISA7-SAOI 


%סס ooסס oo - 0001 0110 
Reserved 
------ 


---- 
---- 
- 
---- 
---- 
Internal Registers 
$00-16 


000' 0111 - 0001 1100 
Semaphore 
Registers 
17-1C 


000' '101 - 0111 1'11 
Reserved 
lD-1F 
---- 
---- - ---- 
---- 
External Mem./Unusable* 
2O-7F 


1000סס oo - 11'1 1'1' 
Dual-Ported RAM 
8O-FF 


The 
reserved 
memory 
areas 
%G-0001 0110 and 
%0001 
1101-%0111 1111 cannot be written to from the System bus. 
If read from the System bus these memory locations return a 
value of SFF. 


The 
dual-ported 
RAM 
is accessed 
from 
the 
external 
System bus by way of eight address lines (SAG-SA7l 
and 
eight data lines ISDG-SD71. Three control 
lines provide for 
synchronous 
or asynchronous 
access to 
the 
dual-ported 
RAM through 
Port 1. Figure 15 shows an example of a syn- 
chronous 
interface (using MC6809l and Figure 16 shows an 


example of an asynchronous 
interface lusing MC68000I. The 


dual-ported 
RAM is selected in each case by address lines 
SAG-SA7 and Chip Select (CSI from the system bus. The 


direction 
of 
data 
transfer 
is 
selected 
by 
the 
System 


Read/Write 
ISR/Wl 
line. The Data Transfer Acknowledge 
IDTACKl 
signal is the asynchronous 
handshake required by 
an MC68000. Refer to DTACK under Functional Pin Descrip- 
tion for more information. 
DTACK can be used to control a 
Memory Ready signal on the M6800 Family processor where 
Memory Ready capability is provided Isee Figure 171.The lat- 
ter would 
allow the M6800 Family processor 
to run asyn- 
chronously 
with the MC68120/MC68121. 
It should be noted 
that if the Memory Ready signal Ion M6800 processors I is to 
be used with the DTACK signal, the system clock must be 
faster than or equal to the clock driving 
the IPC. Example 
clock circuits are shown in Figures 18 and 19. 


Lower Address Lines 


Al-A8 


• 


Timing 


8 MHz 


oA 


°A J 


°8 
° 


°c 


00 


AS J 


U1 SN74LS175 
U2 SN75LS08 


tRC= 
10 ~s 


L 


The semaphore registers allow arbitration 
between shared 
resources, which may be part or all of the dual-port 
RAM, or 
a peripheral. The semaphore registers may also be used to in- 
dicate that non-reentrant 
code is in use or that a task is in 
process or is complete. 
To prevent the writing 
or reading of 
erroneous data from the dual-ported 
RAM, all simultaneous 
accesses involving 
a write 
to the same byte in the dual- 
ported 
RAM 
should 
be 
avoided. 
The 
responsibility 
for 


mutual 
exclusion 
resides 
in 
software. 
The 
semaphore 
registers are a convenient 
means for the software to control 
the simultaneous 
accesses involving 
a write 
to the dual- 


ported RAM. Each of the six semaphore registers consist of 
a semaphore bit ISEM, bit 71and an ownership bit IOWN, bit 
61. The remaining six bits (bO-b5l will read all zeroS. 


SEMAPHORE 
REGISTER 
5 
4 
3 
2 
o 
0 
0 
0 
7 
6 
I SEM 
10WN I 


The semaphore bits are test and set bits with 
hardware ar- 


bitration 
during 
simultaneous 
accesses. 
Basically, 
the 
semaphore 
bit is cleared when written 
and set when 
read, 


during a single processor access. This is shown in Table 2. 


Original 
R/W 
Data 
Resulting 
SEM Bit 
Read 
SEM 
Bit 
0 
R 
0* 
1 


1 
R 
1* 
1 
0 
W 
0 
1 
W 
- 
0 


CLR 
LK 
Q 


U2a 


__ I 


AS 
~n~ 
11- 


The data written 
is disregarded and the information 
obtained 
from the Read may be interpreted as: 0 - 
resource available; 
1 - 
resource not available. Thus, any write to a semaphore 
clears the semaphore bit and makes the associated resource 
"available." 
An access where both the IPC and system processors at- 
tempt 
to 
read 
or 
write 
the 
same 
semaphore 
register 
simultaneously 
is a contested access. During a contested ac- 


cess, the hardware 
decides which 
processor 
reads a clear 
semaphore bit and which reads a set semaphore bit. Table 3 
describes contested 
operation 
of a semaphore bit. 


The 
IPC always 
reads 
the 
actual 
semaphore 
bit; 
the 
system processor reads the semaphore bit in all cases except 
the simultaneous 
read of a clear semaphore bit. This arbitra- 
tion during a simultaneous 
read ensures that only one pro- 
cessor reads a clear bit and therefore controls the resource; 
that processor is arbitrarily 
the IPC. 


In Table 3, the first four states are considered proper and 
they occur in correctly written 
software. 
The last four states 
are improper and only exist in improperly 
written 
software. 
The ownership 
bit is a read-only bit that indicates which 
processor sets the semaphore bit. If the semaphore bit is set, 
the ownership 
bit indicates 
which 
processor 
set it. 
If the 
semaphore bit is not set, the ownership 
bit indicates which 
processor 
last set the semaphore 
bit; OWN = 0, the other 
processor set SEM; OWN = 1, this processor set SEM. 


The reset state of the semaphore 
and ownership 
bits is 
defined in Table 4. All of the semaphore bits are set after an 
MC68120/MC68121 
reset. The IPC owns all of them except 
the second semaphore which 
is owned 
by the system pro- 
cessor. This configuration 
should 
prevent the system pro- 


cessor from 
reading 
a clear semaphore 
and implying 
the 
system processor set it when the IPC RESET is held low. 


• 


IPC 
Svs 
em 


Original 
Data 
Data 
Resulting 
SEM 
Bit 
R/IN 
Read 
R/IN 
Read 
SEM 
Bit 


0 
R 
0" 
R 
1" 
1 
1 
R 
1" 
W 
0 
PROPER 
1 
W 
- 
R 
1" 
0 


1 
R 
1 
R 
1" 
1 
0 
W 
- 
W 
- 
0 
0 
R 
0" 
W 
- 
1 
IMPROPER 
1 
W 
- 
W 
- 
0 
0 
W 
R 
0" 
1 


SEM 
IPC 
System 


Reg 
No. 
Sam 
Own 
Sem 
Own 


1 
1 
1 
1 
0 


2 
1 
0 
1 
1 
3 
1 
1 
1 
0 


4 
1 
1 
1 
0 


5 
1 
1 
1 
0 


6 
1 
1 
1 
0 


The standard 
MC68120 comes 
preprogrammed 
with 
a 
monitor 
in the ROM. Custom programs are placed in ROM 
by special order (see Appendix 
A!. 


The MC68120 contains 2048 bytes of on-chip, 
mask pro- 
grammable 
read-only 
memory 
(RaMI 
in memory 
locations 
SFBOOthrough 
SFFFF. The contents of this ROM allows the 
IPC to perform a custom function 
for the user. The interrupt 


vectors SFFFD-SFFFFare decoded to provide vectors at the 
top of resident 
ROM. 
Address 
SFFEF is reserved for the 
checksum value for the ROM. This value is the complement 
of 
the "Exclusive 
OR" 
of 
the 2047 bytes 
of 
mask 
pro- 


grammed ROM. An IPC without 
ROM is also available as the 


MC68121. The MC68121 should only be used in modes 2 and 
3 to access external ROM after reset. 


VCC AND VSS 
VCC and VSS provide power and ground to the IPC. The 
power supply should provide + 5 volts (± 5%) to VCC and 
VSS should 
be tied 
to 
ground. 
Total 
power 
dissipation 
should not exceed Po milliwatts. 


RESET 


The reset function 
is used for three purposes. The first is 
to provide the IPC with an orderly and defined start-up pro- 
cedure from a powerdown 
condition. 
The second is to return 
to start-up 
conditions 
without 
an intervening 
powerdown 
condition. 
The third is to provide a control signal to latch the 
operating 
mode. 


During reset (low logic level on RESET pin), execution 
of 
the current 
instruction 
is suspended and the CPU enters a 


"reset state." 
The register contents are not pushed onto the 
stack and their contents become undefined during reset. The 
"reset state" 
initializes the IPC, as shown in Table 5. 


On the 
positive 
edge 
of 
RESET, the 
IPC latches 
the 
operating mode from P22, P21 and P20, and then configures 
Port 3, Port 4, SCl 
and SC2. The restart 
vector 
is then 
fetched 
and transferred 
to the program 
counter, 
then 
in- 


struction 
execution 
begins. 


Reset timing 
is illustrated 
in Figure 20. The RESET line 
must be held low for a minimum of three E-cycles for the IPC 
to 
complete 
its entire 
reset 
sequence. 
An 
external 
RC- 
network 
may be used to obtain the required timing. 


ENABLE - 
E 


The E clock 
input 
is required 
for timing 
to synchronize 
Data Bus transfers. A "CPU E-cycle" (or bus cycle) consists 
of a negative half-cycle of E followed 
by a positive half-cycle. 


For any given 
bus cycle, 
the address is valid during 
the 
negative 
half-cycle 
of E and the selected device must 
be 
enabled to the Data Bus during the next positive half-cycle. 
The data bus is active only while E is high. It should be noted 


Bits or R8Ilisters 
Effective State 


CPU I-Bit 
set IIRQl and IPQ2 disabledI 


NMI 
Interrupt Latch 
cleared INMI disabled) 


Halt Control Bit 
cleared IHALT/ BA selectedI 
All Data Direction 
Registers 
cleared 


SCI Rate and Mode Control Register 
cleared 
Receive Data Register 
cleared 


Timer Control and Status Register 
cleared 
Free Running Counter 
cleared 


Buffer for LSB of Counter 
cleared 
Port 3 Control and Status Register 
cleared 
Port 2, 3, 4 Data Registers 
undefined after Power-up 
Reset; and not changed after 


Reset 


SCI Transmit/Receive 
Control and Status Register 
Preset to $20 
Output Compare 
Register 
Presetto SFFFF 


Semaphore 
Bits 
Preset to l's 


Ownership 
Bit of Semaphore 
Register 2 
Preset to System Ownership 
All other Ownership 
Bits 
Preset to IPC Ownership 


All Ports 2 and 3 Lines 
High Impedance 
(inputs) 


All Port 4 Lines 
High Impedance 
(inputs) with puHup resistors 


SC1" 
High Impedance with pullup resistors 
SC2 
Active High 


vcc 


RESEt 


IntemalRIWS\\\\\\\~\\\\\\\\\\\\W' 
'\o....--------~ 


that 
this input 
should 
have some provision 
to obtain 
the 
specified 
logical high level which 
is greater than standard 
TTL levels. 


Enable is the primary IPC system timing signal and all tim- 


ing data specified as cycles is assumed to be referenced to 
this clock unless otherwise 
noted. 


function 
is activated. An external pullup resistor to VCC is re- 
quired on pin 3 for either function. 
Typical pull up resistor 


values range from 3K to 10K depending on the drive capabili- 
ty of the external device. 


When 
the NMI 
function 
is implemented, 
pin 3 is con- 
figured as an input. A negative edge on pin 3 then requests 
an IPC non-maskable interrupt sequence, but the current in- 
struction 
will 
be completed 
before 
responding 
to this re- 
quest. To assure an interrupt under all conditions, 
NMI must 
be held low for at least one E-cycle. NMI may be used to 
cause the IPC to exit the Wait instruction. 
For interrupt 
tim- 
ing specifications, 
see the interrupt portion of the Operating 
Mode Section. 


When configured 
to utilize the Halt/SA 
function 
of this 
pin, such as after reset, the circuit of Figure 21 is recom- 
mended 
to detect 
and supply 
continuous 
HALT 
and SA 


HALT / BUS AVAILABLEINON-MASKABLE 


INTERRUPT - 
HALT/BAINMI 


The HALT/SA/NMllpin 
3) serves one of two functions. 
These 
functions 
are NMI 
or 
Halt/SA 
and 
the 
function 
selected is determined 
by the Halt Control IHC, bit 2) bit of 
the Functional Control Register !location $141. If the HC bit is 
set Ito a "1"), 
then the NMI function 
is activated. Alternate- 


ly, if HC is cleared (to a "0" as it is during reset), the Halt/SA 


II 


• 


FIGURE 21 - 
HALT/BA 
DEMULTIPLEXING 
CIRCUIT 


VCC 


signals. Figure 22 shows the appropriate timing diagram for 
Haiti SA with the recommended circuit. The pullup resistor 
shown in the circuit maintains a high logic level when HALT 
is not aC1ive.During a positive half-cycle of E, pin 3 is an in- 
put sampled to determine if the Halt State is requested (ac- 
tive low). During the negative half cycle of E, the SA signal is 
output through pin 3. After the request for Halt State signal 
is detected and the processor completes its current instruc- 
tion, the CPU is halted and the active low SA signal is output 
through pin 3 during the negative half cycle of E. The local 
bus is then available for other devices to utilize until the Halt 
State signal has returned to a high level, thus allowing the 


IPC back on the local bus. During the Halt State, the R/Wis 
high, and the address bus displays the address of the next in- 


struction. 


When single instruction 
operation is desired, in program 
debug for instance, it is advantageous to single step through 
instructions. 
After 
SA goes low, 
HALT must be brought 


high for one E-cycle and returned low again to single step 
through instructions. Figure 22 illustrates the timing involved 
while single stepping through a single byte, two bus cycle in- 
struction, 
such as CLRA. 


SA is not output in response to the Wait instruction. 
If in- 


terrupts are to be utilized in removing the processor from a 


In/Out 


SA 
1 
_ 


R/W~ 


Wait State while in the Halt/BA 
mode then, IRQl and IRQ2 
are the only 
interrupts 
which 
may do so; therefore, 
their 
masks must be cleared before entering the Wait State. 


MASKABLE 
INTERRUPT REOUEST 1 - 
IROI 


This level-sensitive 
input can be used to request an inter- 
rupt sequence. The IPC will complete the current instruction 
before it responds to the request. 
If the interrupt 
mask bit 
(I-bit) in the Condition 
Code Register is clear, the IPC will 
begin an interrupt 
sequence: a vector is fetched from $FFF8 
and $FFF9, transferred 
to the Program Counter, and instruc- 
tion execution 
is continued 
at the new location. 
This is ex- 
plained in greater detail in the Interrupt 
Section. 
IRQl 
typically 
requires 
an external 
resistor 
13K to 
10K 
depending 
on external devices drive capability} 
to VCC for 
wire-OR applications. TRQi has no internal pullup resistor. 


STROBE CONTROL 1 AND 2 - 
SCI and SC2 


The functions 
of SCI and SC2 depend on the operating 
mode. 
SCI 
is configured 
as an input 
in all modes except 
the Expanded 
Non-Multiplexed 
Mode, 
whereas 
SC2 is al- 


ways an output. 
SCI and SC2 can drive one Schottky 
load 
and 90 pF. 


Single Chip Modes 
- 
In these modes, SCI and SC2 are 
configured 
as an input and output, 
respectively, 
and both 
function 
as Port 3 control 
lines. SCI functions 
as an input 
strobe (lS3) and can be used to indicate that Port 3 input 
data is ready or output 
data has been accepted. 
Three op- 
tions associated with 
IS3 are controlled 
by the Control and 
Status 
Register for Port 3 and are discussed in the Port 3 
description. 
SC2 is configured 
as an output 
strobe IOS3) and can be 
used to strobe output 
data or acknowledge 
input data for 
Port 3. It is controlled 
by Output Strobe Select (OSS) in the 
Port 3 Control and Status Register. The strobe is generated 
by a read (OSS=O) 
or write 
10SS=I) 
to the Port 3 Data 
Register. OS3 timing 
is shown in Figure 6. 


Expanded Non-Multiplexed 
Mode 
- 
In this mode, 
both 
SCI and SC2 are configured 
as outputs. 
SCI functions 
as 
Input/Output 
Select (lOS) and is asserted (active-low) 
only 
when addresses $0100 through 
$01FF are accessed. SC2 is 
configured 
as R/W 
and is used to control 
the direction 
of 


local data bus transfers. An MPU read is enabled when R/W 
and E are high. 


Expanded Multiplexed 
Modes - 
In these modes, SCI is 
configured 
as an input and SC2 is configured 
as an output. 


In the expanded multiplexed 
modes, the IPC has the ability 
to access a 64K byte address space. SCI f>mctions as an in- 
put, 
Address 
Strobe, 
which 
controls 
demultiplexing 
and 
enabling of the eight least significant addresses and the data 
buses. 


By using a transparent 
latch such as an SN74LS373 or 


MC6882, 
Address 
Strobe 
(AS) 
can also be used to 
de- 


multiplex the two buses external to the IPC. (See Figure 23.) 
SC2 
provides 
the 
local 
Data 
Bus 
control 
signal 
called 
Read/Write 
(R/Wl. 
SC2 is configured 
as R/Wand 
is used to 
control 
the direction 
of local data bus transfers. 
An MPU 
read is enabled when R/W 
and E are high. 


SYSTEM 
BUS INTERFACE 


Port 1 is a mode-independent 
8-bit data port which 
per- 


mits the external system bus to access the dual-ported 
RAM 


and 
semaphore 
registers 
either 
asynchronously 
or 
syn- 
chronously 
with 
respect to the E clock. 
In addition 
to the 
eight data lines (SOD-S07), 
eight address (SAD-SA7) 
and 
three control lines ISRlw, 
CS, OTACK) are used to access 


the dual-ported 
RAM and semaphore registers. 


Port 1 Data Lines (SDO-SD7) - 
These data lines are bi- 
directional 
data lines which allow data transfer between the 
dual-ported 
RAM 
or 
the 
semaphore 
registers, 
and 
the 
system 
bus. 
The data 
bus output 
drivers 
are three-state 


devices which 
remain in the high-impedance 
state except 


l I 


EN/G 
OC 
01 
01 


SN74S373 
ITypicall 


08 
08 


• 


• 


during 
a read of the IPC dual-ported 
RAM or semaphore 
registers by the system processor. 


System 
Address 
Lines ISAo-SA71 
- 
The address lines 
together 
with 
the Chip Select signal allow any of the 12B 
bytes of 
RAM 
or six semaphore 
registers 
to be uniquely 
selected from 
the system bus. The address lines must be 
valid before the CS signal goes low for the asynchronous 
in- 
terface and valid before the E signal goes high for the syn- 
chronous interface. The system interface must be deselected 
between 
reads or between 
writes 
for 
the 
asynchronous 
operation. 


System Read/Write 
(SRiW) 
- 
This signal is generated by 
the system bus to control 
the direction 
of data trans~r 
on 
the data bus. With the IPC selected, a low on the SR/W line 
enables the input buffers, 
and data is transferred 
from the 
system processor to the IPC. When SR/W 
is high and the 
chip is selected, the data output 
buffers are turned on and 
data is transferred 
from the IPC to the system bus. 


Chip Select (CS) - 
This signal is a TTL compatible 
input 
signal, used to activate the system bus interface and allows 
transfer of data between the IPC and the system processor 
during synchronous 
or asynchronous 
accesses. CS provides 
the synchronizing 
signal for the Semaphore registers during 
access by the system bus. 


Data Transfer Acknowledge 
IDTACKI 
- 
This bidirectional 
control 
line 
is used to 
determine 
synchronous 
or asyn- 
chronous 
system 
bus accesses and to 
provide 
the 
data 
acknowledge 
signal for asynchronous 
data transfers. 
As an input, it is sampled on the falling edge of CS by the 
IPC to determine 
if the system bus is being accessed syn- 
chronously 
or asynchronously 
with respect to the E clock. 
If DTACK is low when 
sampled, the system bus is syn- 
chronous and data will be transferred during E high as shown 
in Figure 13. 


If r5TArR is high when sampled, the system bus is asyn- 
chronous. 
In this mode DTACK becomes an output 
that is 
asserted low when data is on the bus during a system read or 
when 
a data transfer 
is completed 
during 
a system write. 
Refer to Figures 9 through 
12. 


DTACK 
requires 
an external 
pullup 
resistor 
when 
the 
system bus is run asynchronously 
since it is then a bidirec- 
tional handshake line for information 
transfer on the system 
data bus. 


PORT 2 - 
P20-P24 


Port 2 is a mode independent 
5-bit I/O port where each 
line is configured 
by its 
Data Direction 
Register. 
During 


reset, all lines are configured 
as inputs. The TTL compatible 
three-state 
output 
buffers can drive one Schottky 
TTL load 
and 30 pF, or CMOS devices using external pullup resistors. 
P20, P21 and P22 must always be connected 
to provide the 
operating 
mode. 


7 
6 


PC2 I PC, 


PORT 2 DATA 
REGISTER 
5 
4 
32' 
0 


I PCO I P241 
P23 I P22 I P2' I P20 


Inputs on P20, P21 and P22 determine the operating mode 
which 
is latched into the Program Control 
Register on the 
positive 
edge of RESET. The mode may be read from the 
Port 2 Data Register (PC2 is latched from pin 45). 


Port 2 also provides 
an interface 
for 
the 
Serial 
Com- 


munications 
Interface and Timer. 
Bit 1, if configured 
as an 
output, 
is dedicated to the Timer Output Compare function 
and cannot be used to provide output 
from the Port 2 Data 
Register. 


PORT 3 - 
P30-P37 


Port 3 can be configured 
as an I/O port, a bi-directional 
B-bit data bus, or a multiplexed 
address/ data bus depending 
upon the operating 
mode. The TTL compatible 
three-state 
output 
buffers can drive one Schottky 
TTL load and 90 pF. 


Single Chip Modes 
- 
In these modes, 
Port 3 is an 8-bit 
I/O port where each line is configured 
by the Port 3 Data 
Direction 
Register. Associated with Port 3 are two lines, IS3 
and OS3, which can be used to control Port 3 data transfers. 


Three Port 3 options, 
controlled 
by the Port 3 Control and 
Status Register and available only in the Single Chip Modes 
are: 1) Port 3 input data can be latched using TS3 as a control 
signal, 21 OS3 can be generated 
by either an IPC read or 
write to the Port 3 Data Register, and 3) an IRQ1 interrupt 
can be enabled by an IS3 negative edge. Port 3 latch timing 
is shown in Figure 7. 


Bits 0-2 


Bit3 


Not used. 


LATCH 
ENABLE. This bit controls 
the input latch 
for Port 3. If set, input data is latched 
by an IS3 
negative edge. The latch is transparent 
after a read 
of the Port 3 Data Register. 
LATCH 
ENABLE is 
cleared by Reset. 


OSS (Output 
Strobe 
Select). 
This bit determines 
whether OS3 will be generated by a read or write of 
the Port 3 Data Register. When clear, the strobe is 
generated by a read; when set, it is generated by a 
write. 
OSS is cleared by Reset. 


Not used. 


IS3-IRQ1 ENABLE. 
When 
set, an IRQ1 interrupt 
will be enabled whenever 
IS3 FLAG is set; when 
clear, the interrupt 
is inhibited. 
This bit is cleared by 


Reset. 
IS3 FLAG. This read-only status bit is set by an IS3 
negative edge. It is cleared by a read of the Port 3 
Control 
and Status 
Register (with 
IS3 FLAG set) 
followed 
by a read or write 
to the 
Port 3 Data 


Register or by Reset. 


Bit5 


Bit 6 


Expanded Non-Multiplexed 
Mode - 
In this mode, Port 3 
is configured 
as a bi-directional 
data bus (00-07). 
The direc- 
tion 
of data transfers 
is controlled 
by R/W 
(SC21. Data 
transfers are clocked by E IEnable). 


Expanded Multiplexed 
Modes - 
In these modes, Port 3 is 


configured 
as a time-multiplexed 
address IAG-A7) and data 
bus IOG-D7l, Address 
Strobe IAS) must be input on SC1, 


and can be used externally 
to de-multiplex 
the two 
buses. 


Port 3 is held in a high-impedance 
state between valid ad- 


dress and data to prevent potential 
bus conflicts. 


PORT 4 - 
P4G-P47 


Port 4 is configured 
as 8-bit I/O port, as address outputs, 
or as data inputs depending 
on the operating 
mode. Port 4 
can drive one Schottky 
TTL load and 90 pF and is the only 
port with internal pull up resistors. 


Single Chip Modes - 
In these modes, Port 4 functions 
as 
an 8-bit I/O port where each line is configured 
by the Port 4 
Data Direction 
Register. 
Internal pullup 
resistors allow the 


port to directly interface with CMOS at 5 volt levels. External 


Expanded Non-Multiplexed 
Mode - 
In this mode, Port 4 
is configured 
from 
reset as an 8-bit input 
port, where the 
Data Direction 
Register can be written, 
to provide any or all 


of address lines AG-A7. Internal pull up resistors are intended 
to pull the lines high until the Data Direction 
Register is con- 


figured., 


Expanded Multiplexed 
Mode - 
In all these modes except 
Mode 6, Port 4 functions 
as half of the address bus and pro- 
vides A8 to A 15. In Mode 6, the port is configured 
from reset 
as an 8-bit 
parallel input 
port; 
the 
Port 4 Data-Direction 
Register must be written 
to provide 
any or all of address 
lines, A8 to A 15. Internal pullup resistors are intended to pull 
the lines high until the Data Direction 
Register is configured 
Ibit 0 controls 
A8, etc.L 


The IPC provides eight different 
operating 
modes which 
are selectable by hardware programming 
and referred to as 


Modes 
0 
through 
7. 
The 
operating 
mode 
controls 
the 
memory map, configuration 
of Port 3, Port 4, SC1 and SC2 
and the address location of the interrupt 
vectors. 


FUNDAMENTAL 
MODES 


The eight modes of the IPC can be grouped into three fun- 


damental 
modes which 
refer to the type of bus it supports: 


Single 
Chip, 
Expanded 
Non-Multiplexed, 
and 
Expanded 
Multiplexed. 
Single Chip includes Modes 4 and 7, Expanded 
Non-Multiplexed 
is Mode 5 and the remaining 
five are Ex- 


panded 
Multiplexed 
modes. 
A 
system 
utilizing 
three 
MC68120's, 
one 
in 
each 
of 
the 
fundamental 
operating 
modes, 
is shown 
in 
Figure 
24. Table 
6 summarizes 
the 


characteristics 
of the operating 
modes. 


Single Chip Modes (4, 71 - 
In Single Chip Mode, three of 
the four IPC ports are configured 
as parallel input/output 
data ports, as shown in Figure 25. The IPC functions 
as a 
complete microcomputer 
in these two modes without 
exter- 


nal address or data buses. A maximum of 21 I/O lines and 
two Port 3 control lines are provided. 
In Single Chip Test Mode 141,the RAM responds to ad- 


dresses $XX80 IX; 
don't care) through $XXFF and the ROM 


is removed from the internal address map. A test program 
must first be loaded into the RAM using Modes 0, 1, 2, or 6. 
If the IPC is reset and then programmed 
into Mode 4, execu- 


tion will begin at $XXFE:XXFF. 
Mode 5 can be irreversibly 


entered from Mode 4 without 
going through 
reset by setting 
bit 5 of the Port 2 Data Register. This mode is used primarily 
to test Port 3 and 4 in the Single Chip and Non-Multiplexed 
Modes. 


Common 
to all Modes: 
ExpandedMultiplexed Modes 
System 
Bus Interface 
Four Memory Space Options I64K Address Space): 


Reserved Register Area 
(1) MOOS Compatible 
6 Semaphore 
Registers 
12)No ROM 
I/O Port 2 
(3) External Vector 
Space 
Programmable 
Timer 
(4) ROM with Partial Address Bus' 
Serial Communications 
Interface 
External Memory 
Space Accessed Through: 


128bytes of Dual Ported RAM 
Port 3 as a Multiplexed Address/Data Bus 
Single Chip Mode' 
Port 4 as an Address Bus IHighl 
2048 Bytes of ROM IInternall 
SCI is Address Strobe Bus IAS) Input 
Port 3 is a Parallel I/O 
Port with Two Control Lines 
SC2 is Read/Write IR/WI 
Port 4 is a ParallelI/O Port 
SCt is Input Strobe 3 IIS31 
Test Modes 


SC2 is Output Strobe 3 IOS3) 
ExpandedMultiplexed Test Mode 


ExpandedNon-Multiplexed Mode' 
May be Used to Test RAM and ROM' 


2048 Bytes of ROM IInternall 
Single Chip and Non-Multiplexed Test Mode' 


256 Bytes of External Memory 
Space 
May be Used to Test Ports 3 and 4 as I/O Ports 


Port 3 is an 8-Bit Data Bus 
Port 4 is an Address Bus 
SCt is Input/Output Select IIOSI 
SC2 is Read/Write IR/WI 
• MC68120only 


• 


• 


FIGURE 24 - 
IPC FUNDAMENTAL 
OPERATING 
MODES 


68000 
6808 
6809 
6803 
6801 
6800 
6802 


Expanded Non-Multiplexed 
Mode (5) - 
A modest amount 
of external memory space is provided in the Expanded Non- 
Multiplexed 
Mode 
while 
retaining 
significant 
on-chip 
resources. Port 3 functions as an 8-bit bi-directional 
data bus 
and Port 4 is configured 
as an input data port. Any combina- 


tion of AO to A7 may be provided 
while 
retaining 
the re- 
mainder as input data lines. Any combination 
of the eight 
least-significant 
address lines may be obtained by writing 
to 


the Port 4 Data Direction 
Register. Internal pullup resistors 


are provided to pull Port 4 lines high until it is configured. 


Figure 26 illustrates the external resources available in the 
Expanded Non-Multiplexed 
Mode. The IPC interfaces direct- 


ly with M6800 Family parts and can access 256 bytes of ex- 
ternal address space at $100 through 
$IFF. 10S provides an 
address decode of external memory ($100-$1FFI and may be 
used as an address or chip select line. 


PIA 
ACIA 
GPIA 
PTM 


SSDA 
ADLC 
CRTC 


Expanded 
Non-Multiplexad 
Mode 


Expandad 
Multiplexad 
Mode 


PIA 
SSDA 


ACIA 
ADLC 
GPIA 
CRTC 


PTM 


Expanded-Multiplexed 
Modes (0, 1, 2, 3, 61 - 
In the Ex- 


panded Multiplexed 
Modes, the IPC has the ability to access 


a 64K-byte 
memory 
space. 
Port 
3 functions 
as a time- 


multiplexed 
address/data 
bus with 
address 
valid 
on 
the 


negative edge of Address Strobe (AS) and the data bus valid 
while E is high. In Modes 0 to 3, Port 4 provides address lines 
A8-A 15. However, in Mode 6, Port 4 can provide any subset 
of A8 to A 15 while 
retaining 
the remainder as input 
lines. 


Writing 
l's to the desired bits in the Data Direction 
Register 


lDDRI will output 
the corresponding 
address lines while the 


remaining bits will remain inputs las configured 
from reset or 
from O's written 
to the DDRI. 
Internal pullup 
resistors are 


provided 
to pull Port 4 lines high until software 
configures 


the port. Initialization 
of Port 4 in Mode six must be done to 


obtain any upper address lines externally. 


FIGURE 25 - 
SINGLE 
CHIP MODE 


VCC 


E 


RESET 
MC68120 
HALT /BAINMI 


IRQ1 


Port 3 
8 System 
8 I/Q 
Lines 
Address Lines 


Port 1 


IS3 
8 System 
Data lines 
System 
8us 


OS3 
SR/iN 


CS 


Port 4 
DTACK 
8 I/O 
Lines 


Port 2 
5 I/O 
Lines 
Seriall/O. 
16-81t Timer 


- 
VSS 
• 


FIGURE 26 - 
EXPANDED 
NON-MULTIPLEXED 
MODE 


VCC 


E 


RESET 
MC68120 
HALT /BA/NMI 


IRQ1 


Port 3 
8 System 
8 Data Lines 
Address 
Lines 


Port 
, 


R/IN 
8 System 
System 
Data Lines 
Bus 


ros 
SR/IN 


CS 


Port 4 
DTACK 
8 Address Lines 


Port 2 
5 I/O 
Lines 
Seriall/O. 
16-8it Timer 


- 


VSS 


• 


Figure 27 depicts 
the external 
resources available in the 
Expanded-Multiplexed 
Modes. Address Strobe can be used 
to control 
a transparent 
D-type latch to capture addresses 
AO-A7, as shown in Figure 23. This allows Port 3 to function 
as a Data Bus when E is high. 


In Mode 0, the reset vector is external at $BFFE and $BFFF 


after the positive 
edge of RESET. In addition, 
the internal 
and external 
data buses are connected 
together 
so there 
must be no memory map overlap (to avoid potential bus con- 
flicts). 
Mode 0 is used primarily to verify the ROM pattern 
and monitor the internal data bus with automated test equip- 
ment. 


FIGURE27 - 
EXPANDEDMULTIPLEXEDMODE 


VCC 


RESET 
HALT/BAINMI 
MC68120/ 
MC68121 
IRQl 


Port 3 
8 Lines Multiplexed 
8 System 


Address/Data 
Address Lines 


Port , 
Riw 
8 System 
Data Lines 
System 
8us 


AS 
SR/W 


CS 
Port 4 
DTACK 
8 Address Lines 
Port 2 
5 I/O Lines 
Serial I/O, 
16-Bit Timer 


MODE PROGRAMMING 


The operating mode is programmed 
by the levels asserted 
on P22, P21, and P20 during the positive edge of RESET. 
These are latched into PC2, PC1, and PCO of the program 
control 
register. The operating 
mode may be read from the 
Port 2 Data 
Register and programming 
levels and timing 
must be met as shown in Figure 28 and Table 7. Any mode 
may be entered from either Mode 0 or Mode 4 without 
going 
through 
reset by writing 
the appropriate 
bits to the port 2 
data 
register. 
A 
brief 
outline 
of 
the operating 
modes 
is 


shown in Table 8. 


Circuitry 
to provide 
the programming 
levels is primarily 
dependent 
on the normal system use of the three pins. If 


configured 
as outputs, 
the circuit shown in Figure 29 may be 
used; otherwise, 
the three-state buffers can be used to pro- 


vide isolation while programming 
the mode. 


MEMORY 
MAPS 


The 
IPC provides 
up to 
64K 
bytes 
of 
address 
space 
depending 
upon the operating 
mode. 
A memory 
map for 
each operating mode is shown in Figure 30. In Modes 1Rand 
6R, the "R" 
means the ROM has been relocated by a mask 
option. 
The first 32 locations 
of each map are reserved for 


the IPC internal register area, as shown in Table 9, with ex- 
ceptions as indicated. 


VMPH M,n 


VMPL Max 


See Figure 29 
for Diode 
Arrangement 


IP20, P21, P221 


RESET 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Mode Programming 
Input Voltage 
Low 
VMPL 
- 
- 
1.8 
V 


Mode 
Programming 
Input Voltage 
High 
VMPH 
4.0 
- 
- 
V 


Mode Programming 
Diode Differential 
(if Diodes are Used) 
VMPDD 
0.6 
- 
- 
V 


RESET 
Low 
Pulse Width 
PWRSTL 
3.0 
- 
- 
E·Cycles 


Mode Programming 
Setup Time 
tMPS 
20 
- 
- 
E-Cycles 


Mode Programming 
Hold Time 
RESET Rise Time~ 
1 ~s 
tMPH 
0 
- 
- 
ns 


RESET Rise Time< 
1 ~s 
100 
- 
- 


Pin 45 
Pin 44 
Pin 43 
Interrupt 
Bus 
Operating 
Mode 
P22 
P21 
P20 
RDM 
RAM 


PC2 
PCI 
PCO 
Vectors 
Mode 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single 
Chip 


6 
H 
H 
L 
I 
I 
I 
MUXIS,61 
Multiplexed/Partial 
DecodelSI 


S 
H 
L 
H 
I 
I 
I 
NMUXIS,61 
Non-Multiplexed/Partial 
DecodelSI 


4 
H 
L 
L 
1121 
1111 
I 
I 
Single 
Chip Test 


3 
L 
H 
H 
E 
1171 
E 
MUXI41 
Multiplexedl 
RAMI41 


2 
L 
H 
L 
E 
I 
E 
MUXI41 
Multiplexed/RAMl41 


1 
L 
L 
H 
I 
I 
E 
MUxI41 
Multiplexed/RAM 
and ROMI41 


0 
L 
L 
L 
I 
I 
EI31 
MUxI41 
Multiplexed 
Testl41 


Legend: 
I - 
Internal 


E - 
External 
MUX 
- 
Multiplexed 
NMUX 
- 
Non-Multiplexed 
L - 
Logic 
"0" 
H - 
Logic 
"1" 


Notes: 


111Internal 
RAM 
is addressed 
at SXXBO 
121 Internal 
ROM is disabled 
131 Interrupt 
vectors 
externally 
located 
at SBFFO-SBFFF 
(4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, " 
2, and 3 
(5) Addresses associated with Port 3 are considered external in Modes 5 and 6 
(6) Port 4 default is user data input; address output is optional by writing to Port 4 Data Direction 
Register 


171 Internal 
RAM 
and registers 
located 
at SCOXX Ifor use with 
MDOSI 


FIGURE 29 - 
TYPICAL 
MODE 
PROGRAMMING 
CIRCUIT 


V 
C 


48 
RESET 


43 
P20lPCO! 


44 
P21 IPCll 


4S P22 IPC21 


RESET 


P20 


P21 


P22 


Optional 
Three-State 


Buffers 
MCl4066B 
Mode 
Control 
Switches 


Notes: 


,. 
Mode 7 as shown 


2. R2-C = Reset time constant 
3. Rl ~ 10 k Itypicall 
4. D= 
lN914, 
lN4001 
Itypicall 


• 


SOOlF 


SOOOO 


SOOFF 
• 


SBFFO 


SBFFF 


SFBOO 


o 


NoWS 


1 i 
Excludes the following addresses which may be 
used externally. 
S04, S05, S06, S07 and SOF 
2) 
The 
Interrupt 
vectors 
are externally 
located 
at 
SBFFO-SBFFF. 


3) 
There must be no overlapPIng of Internal and ex- 
ternal memory 
spaces to aVOId driving the data 
bus with more than one device 
4) 
ThiS mode 
1$ the only mode which may be used 
to examine the Interrupt 
vectors In Internal ROM 


uSing 
an external 
RESET 
vector 
51 
MC68120 
only 
External 
Interrupt 
Veclors(2l 


EXlernal Memory 
Space 


1 


Notes· 


H 
Excludes the following 
addresses which may be 
used externally 
$04, $05, $06, $07 and $OF 
21 
Internal 
ROM addresses 
$FFFO to $FFFF are not 


usable 


SFFFO 


SFFFF 


MC681201 2 
MC68121 
Mode 


Notes: 
,) 
Excludes the following addresses which may be 
used externally: 
S04, S06, $06, S07, and $OF 


MC68120 4 
Mode 


S=~} 
Internal 
Reglstersl51 


=» 
I 


Unusablel11l41 


$XXOOI31 


$XXFF 


Notes: 


11 The Internal ROM 
IS disabled 
21 
Mode 4 may be changed to Mode 5 wIthout 
hav- 
Ing to assert RESET by writing a "'" 
into bit 5 (PCOI 


of 
Port 2 Data Register. 


3) 
Addresses 
AS 
to 
A 15 are 
treated 
as 
"don't 
cares" to decode internal RAM. 


41 
Internal 
RAM 
will appear at $XXOO to $XXFF. 
51 
MPU 
Read of Port 3 Da~a Di~ection Regis,~erwill 


access Port 3 Data Register Instead. 


} 


Internal 
RAMI41 
Internal Interrupt Vec~ors 


MC681201 3 
MC68121 
Mode 


SFFFO 


SFFFF 


Notes: 
1) 
Relocating the Internal registers and the Internal 
RAM 
to high memory 
allows processor to run 


MOOS. 


2) 
Excludes the follOWing addresses which may be 
used 
externally: 
SCOO4, $C005, 
$COOO, $C007, 
and SCOOF. 


MC68120 5 
Mode 


Non-Multiplexed/Partial 
Decode 
121 13) 


$=111 


$001F 


"=~}Internal 
ROM 


$FFFF ~ 
Internal 
Interrupt 
Vectors 


Notes' 


1) 
Excludes the follOWIng addresses which may not 
be used externally: 
$04. $06, and $OF Ino 1051. 


21 
This 
mode 
may 
be 
entered 
without 
gOing 
through Reset by uSing Mode 4 and subsequent- 
ly writing a "'" 
Into bit 5 (peGI of Port 2 Data RegIster. 


3) 
Address lines AD to A7 WIll not contain addresses 
ul7ltilthe Data Direction 
RegIster for Port 4 has 


been written 
with "l's" 
In the appropriate 
bits. 


These address lines will assert ""s" 
until made 
outputs by writing 
the Data Direction 
Register. 


• 


• 


6 


Internal 
Reglsters( 1)(21 


External 
Memory 
Space 


7 


} 
Internal Reglsters( 1) 


} 
Intern", RAM 


Notes: 


1) 
Excludes 
the following 
addresses 
which 
may be 


used externally' 
$04, 
$06, 
$OF. 


2) 
Address 
lines A8-A 15 will not contain 
addresses 
until the Data DIrection 
Register 
for Port 4 has 


been wntten with '" 's" 
In the appropriate bits 


These address lines will assert ""s" 
until made 
outputs 
by wntlng 
the Data Direction 
Register 


Notes 
1) 
MPU 
reads of Port 3's 
Data 
Direction 
Register 
Will access 
Port 3's Data Register 
Instead. 


Address· 
* * * 
Address· 
• * • 


Register 
IHexadecimal! 
Register 
IHexadecimal! 


Reserved 
00 
SCI Rate and Mode Control Register 
10 


Port 2 Data Direction 
Register· 
* * 
01 
Transmit/Receive 
Control and Status Register 
11 


Reserved 
02 
SCI Receive Data Register 
12 


Port 2 Data Register 
03 
SCI Transmit 
Data Register 
13 


Port 3 Data Direction 
Register· 
* * 
04" 


Port 4 Data Direction 
Register· 
* * 
05* 
* 
Function Control Register 
14 
Port 3 Data Register 
06" 
Counter Alternate 
Address tHigh Byte) 
15 


Port 4 Data Register 
07* * 
Counter Alternate 
Address {Low Byte} 
16 
Timer Control and Status Register 
08 
Semaphore 
1 
17 
Counter 
(HIgh Byte) 
09 
Semaphore 
2 
18 
Counter (Low Byte) 
OA 
Semaphore 
3 
19 
Output 
Compare 
Register (High Byte) 
OB 
Semaphore 
4 
lA 


Output 
Compare 
Register (Low Byte) 
OC 
Semaphore 
5 
1B 


Input Captuie 
Register tHigh Byte) 
00 
Semaphore 
6 
lC 


Input Capture RegIster (Low Byte) 
OE 
Reserved 
lD-1F 


Port 3 Control and Status Register 
OF" 


• These external addresses in Modes 0, 1, 2, 3, 5, 6 cannot be ac- 


cessed in Mode 5 Ino 1051. 
* * These are external addresses in Modes 0, 1, 2, 3. 


The 
IPC 
supports 
two 
types 
of 
interrupt 
requests: 


Maskable 
and 
Non-Maskable. 
A 
Non-Maskable 
Interrupt 
INMI) is always recognized and acted upon at the comple- 
tion of the current 
instruction. 
Maskable interrupts 
are con- 


trolled by the Condition 
Code Register I-bit and by individual 
enable bits. The I-bit controls all maskable interrupts. 
Of the 
maskable interrupts, 
there are two 
types: TROT 
and IRQ2. 


The Programmable 
Timer and Serial Communications 
Inter- 


face use an internal 
IRQ2 interrupt 
line, as 'shown 
in the 


block diagram 
of the IPC. External devices land IS3) use 


iRQ1. An IRQl interrupt 
is serviced before an IRQ2 interrupt 
if both are pending. 
All IRQ2 interrupts 
use hardware prioritized 
vectors. 
The 


single SCI interrupt and three timer interrupts are serviced in 
a prioritized order where each is vectored to a separate loca- 
tion. 
All IPC vector locations 
are shown 
in Table 10, from 


highest Itop) to lowest Ibottom) 
priority. 


The interrupt 
flowchart 
is depicted in Figure 31. The Pro- 


gram Counter, Index Register, Accumulator 
A, Accumulator 
B, and Condition 
Code Register are pushed to the stack. The 
I-bit 
is set to inhibit 
maskable 
interrupts 
and a vector 
is 
fetched 
corresponding 
to the current 
highest 
priority 
inter- 
rupt. The vector is transferred 
to the Program Counter and 
instruction 
execution 
is resumed. The general interrupt 
tim- 
ing sequence is shown in Figure 32. The Interrupt HAlT / BA 
timing 
is illustrated 
in Figure 21 and 22. 


MSB 
LSB 
Interrupt 


SFFFE 
FFFF 
RESET" " 
FFFC 
FFFO 
NMI 


FFFA 
FFFB 
Software 
Interrupt 
(SWIl 


FFF8 
FFF9 
IRQl lor 1531 


FFF6 
FFF7 
ICF IInput Capturel 


FFF4 
FFF5 
OCF (Output Comparel 
FFF2 
FFF3 
TOF !Timer Overflowl 
FFFO 
FFF1 
SCI IRORF+ ORFE+ TOREI 


• 


• 


Mode 0 


BFFC-BFFD 


BFFA-BFFB 


BFFB-BFF9 


BFF6-BFF7 


BFF4-BFF5 


BFF2-BFF3 


BFFO-BFFl 


Vector 
- 
PC 


Modes 
1-7 


FFFC-FFFD 
Non-Maskable 
Interrupt 


FFFA-FFFB 
Software 
Interrupt 


FFF8-FFF9 
Maskable 
Interrupt 
Request 
1 


FFF6-FFF7 
Input Capture Interrupt 


FFF4-FFF5 
Output 
Compare 
Interrupt 


FFF2·FFF3 
Timer Overflow 
Interrupt 


FFFO-FFFl 
SCI Interrupt 
ITORE + RORF + ORFEI 


Last In:structlon-.j 
112 I 


\ 
-.j 
~'PCS 


The Programmable Timer can be used to perform input 
waveform measurements while independently generating an 
output 
waveform. 
Pulse widths 
can vary 
from 
several 
microseconds 
to many seconds. A block diagram of the 


Timer is shown in Figure 33. 


TIMER CONTROL AND STATUS REGISTER ($08) 


The Timer Control and Status Register (TCSRI is an B-bit 
register of which all bits are readable while bits 0-4 can be 
written. 
The three most significant 
bits provide the timer 
status and they indicate: 


• 
a proper level transition has been detected, or 


• 
a match has been found between the free-running 
counter and the output compare register, or 


• 
the free-running counter has overflowed. 


Each of the three events can generate an IR02 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMERCONTROLAND STATUS REGISTER 
(TSCRJ 
7 
6 
5 
4 
3 
2 
1 
0 
ICF I OCFI TOFI EICI! EOCII ETOI!IEDGI OLVLI $08 


Bit 0 OLVL Output level. OLVL is clocked to the output level 
register by a successful output compare and will 
appear at P21 if Bit 1of the Port 2 Data Direction 
Register is set. It is cleared by reset. 


Bit 1 IEDG Input Edge. IEDG is cleared by reset and con- 
trols which level transition will trigger a counter 
transfer to the Input Capture Register: 
IEDG= 0 Transfer on a negative edge 
IEDG= 1 Transfer on a positive edge 


Bit 2 ETOI 
Enable Timer Overflow Interrupt. When set, an 
IR02 interrupt is enabled for a timer overflow; 


when 
clear, 
the 
interrupt 
is inhibited. 
It is 
cleared by reset. 


Bit 3 EOCI Enable Output Compare Interrupt. When set, an 
IR02 interrupt 
is enabled for an output 
com- 


pare; when clear, the interrupt is inhibited. It is 
cleared by reset. 


Bit 4 EICI 
Enable Input Capture Interrupt. 
When set, an 
IR02 interrupt is enabled for an input capture; 
when 
clear, 
the 
interrupt 
is inhibited. 
It 
is 
cleared by reset. 


Bit 5 TOF 
Timer 
Overflow 
Flag. TOF is set when 
the 
counter contains all 1's. It is cleared by reading 
the TCSR (with TOF setl followed by reading 
the highest byte of the counter 
($091, or by 
reset. Reading the counter at S15will not clear 
TOF. 


Bit 6 OCF 
Output Compare Flag. OCF is set when the Out- 
put Compare Register matches the free-running 
counter. It is cleared by reading the TCSR (with 
OCF setl and then writing to the Output Com- 
pare Register (SOBor SOCI,or by reset. 


Bit 7 ICF 
Input Capture Flag. ICF is set to indicate a pro- 
per level transition. 
It is cleared by reading the 
TCSR (with ICF set) and then reading the Input 
Capture Register High Byte (SOD),or by reset. 


COUNTER ($09:0A) 


The key timer element is a 16-bit free-running 
counter 


which is incremented by E IEnable). It is cleared during reset 
and is a read-only with one exception: a write to the counter 
(S09) will 
preset it to SFFFB. This feature, 
intended 
for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter contains all 1'soThe counter may also be read at 
location S15and S16 to avoid the clearing of the TOF. 


• 


• 


OUTPUT COMPARE REGISTER ($OB:OC) 


The Output 
Compare Register is a 16-bit Read/Write 
register used to control an output waveform or provide an ar- 
bitrary timeout 
flag. It is compared with the free-running 
counter on each E-cycle. When a match is found, OCF is set 
and OLVL is clocked to an output level register. If Port 2, bit 
1 is configured as an output, 
OLVL will appear at P21. The 
Output Compare Register and OLVL can then be changed 
for the next compare. The compare function is inhibited for 
one cycle after a write to the high byte of the counter (SOBI 
to ensure a valid compare. The Output Compare Register is 
set to SFFFF by reset. 


Bit 
, 
Port 2 


OOR 


Output 


Level 


Bit 
1 
Port 2 


Input 
Edge 
Bit 0 
Port 2 


INPUT CAPTURE REGISTER (SOD:OE) 


The Input Capture Register is a 16-bit read-only register 
used to store the free-running counter when a "proper" 
in- 


put transition occurs as defined by IEDG. Port 2, bit °should 
be configured as an input, but the edge detect circuit always 
senses P20, even when configured as an output. 
An input 
capture can occur independently of ICF: the input capture 
register always contains the most current value regardless of 
whether ICF was previously set or not. Counter transfer is in- 
hibited, however, between accesses of a double byte IPC 
read. The input pulse width must be at least two E-cycles to 
ensure an input capture under all conditions. 


A fUll-duplex asynchronous Serial Communications Inter- 


face (SCI) is provided with two data formats and a choice of 
Baud rates. The SCI transmitter and receiver are functionally 
independent, 
but use the same data format and bit rate. 
Serial data formats include standard mark/space INRZI and 
Bi-phase. Both formats provide one start bit, eight data bits, 
and 
one 
stop 
bit. 
"Baud" 
and 
"bit 
rate" 
are 
used 
synonymously in the following description. 


WAKE-UP FEATURE 


In a typical serial loop multi-processor configuration, 
the 


software protocol will usually identify the addressee(s) at the 


beginning of the message. In order to allow uninterested 
MPUs to ignore the remainder of the message, a wake-up 
feature is included whereby all further SCI receiver flag (and 
interrupti processing can be inhibited until the data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive "s 
or by reset. Software must provide the re- 
quired idle string between consecutive messages and pre- 
vent it within messages. 


PROGRAMMABLE OPTIONS 


The following features of the SCI are programmable: 


• 
format: standard mark/space (NRZI or Bi-phase 


• 
clock: external or internal clock source 


• 
Baud rate: one of four per E-clock frequency, or one- 
eighth of the external clock input to P22 


• 
wake-up features: enabled or disabled 


• 
interrupt requests: enabled individually for transmitter 
and receiver 


• 
clock output: internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS 
REGISTERS 


The Serial Communications 
Interface includes four ad- 
dressable registers as depicted in Figure 34. It is controlled 
by 
the 
Rate 
and 
Mode 
Control 
Register 
and 
the 
Transmit/Receive 
Control 
and 
Status 
Register. 
Data is 
transmitted 
and 
received utilizing 
a write-only 
Transmit 
Register and read-only Receive Register. The shift registers 
are not accessible by software. 


Rate and Mode Control Register ($10) - 
The Rate and 
Mode Control Register IRMCR) controls the SCI Baud rate, 
format, clock source, and under certain conditions, the con- 
figuration of P22. The register consists of four write-only bits 
which are cleared by reset. The two least significant bits con- 
trol the Baud rate of the internal clock and the remaining two 
bits control the format and clock source. 


RATE AND 
MODE 
CONTROL 
REGISTER 
IRMCRI 


7 
6 
543 
2 
1 
0 


X 
I 
X 
I 
X I 
X I 
CCI I CCO I 551 I 550 
I $10 


Bit 1 Bit 0 SSl :SSO Speed Select. These two bits select 
the Baud rate when using the internal clock. 
Four rates may be selected which are a function 
of the IPC input frequency lEI. Table 11 lists bit 
times and rates for three selected IPC frequen- 
cies. 
Bit 3: Bit 2 CCl :CCO Clock Control 
and 
Format 
Select. 
These two bits control the format and select the 
serial clock source. If CC1 is set, the Data Direc- 
tion Register IDDRI value for P22 is forced to 
the complement of CCOand cannot be altered 
until CC1 is cleared. If CC1 is cleared after hav- 
ing been set, its DDR value is unchanged. Table 
12 defines the format, clock source, and use of 
P22. 


If both CCl and CCOare set, an external TTL compatible 
clock must be connected 
to P22 at eight times 18X) the 
desired Baud rate, but not greater than E, with a duty cycle 
of 50% I ± 10%I. If CCl :CCO= 10, the internal Baud rate 
clock is provided at P22 regardless of the values for TE or RE. 


NOTE: The source of SCI internal baud rate clock is the 
free-running 
counter 
of the timer. 
An 
IPC write 
to the 


counter 
can 
disturb 
serial 
operations. 


Bit 7 
Rate and Mode Control RegIster 
Bit 0 
I 
~~ 
$10 


Clock 


Bit 
2 


• 


• 


SSl:SS0 
E 
614.4 kHz 
1.0 MHz 
1.2288 MHz 


0 
0 
+ 16 
26 ~s/38,400 
Baud 
16 ~s/62.500 
Baud 
13.0 ~sI76,800 
Baud 


0 
1 
+ 12B 
208 ~s/4.800 
Baud 
12B ~sI7B12.5 
Baud 
104.2 ~s/9.600 
Baud 


1 
0 
+1024 
1.67 ms/600 
Baud 
1.024 ms/976.6 
Baud 
833.3 ~s/ 1.200 Baud 


1 
1 
+4096 
6.67ms/150 
Baud 
4.096 ms/244.1 
Baud 
3.33 ms/300 
Baud 


CC1:CCO 
Format 
Clock 
Port 2 
Source 
Bit 2 


0 
0 
Bi·Phase 
Internal 
Not Used 


0 
1 
NRZ 
Internal 
Not Used 


1 
0 
NRZ 
Internal 
Output 


1 , 
NRZ 
External 
Input 


Transmit/Receive 
Control and Status Register ($11) - 
The Transmit/Receive Control and Status Register (TRCSR) 
controls the transmitter, receiver. wake-up features. and two 
individual interrupts and monitors the status of serial opera- 
tions. All eight bits are readable while only bits 0 to 4 are 
writable. The register is initialized to $20 by reset. 


TRANSMIT/RECEIVE 
CONTROL 
AND 
STATUS 
REGISTER 


(TRCSRI 


4 
3 
2 
1 


RIE I 
RE 
I 
TIE 
TE 


765 
I RDRFIORFEITDREI 
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WU 1$1' 


Bit 0 WU 
"'Wake-up"' 
on 
Idle Line. 
When 
set, 
WU 
enables the wake-up function; it is cleared by 
ten consecutive ,'s or by reset. WU will not set 
if the line is idle. 


Bit 1 TE 
Transmit Enable. When set, the P24 DDR bit is 
set, cannot be changed. and will remain set if 
TE 
is subsequently 
cleared. 
When 
TE 
is 
changed from clear to set, the transmitter is 
connected to P24and a preamble of nine con- 
secutive ,'s is transmitted. 
TE is cleared by 
reset. 


Bit 2 TIE 
Transmit Interrupt Enable. When set, an IRQ2 
interrupt is enabled when TDRE is set; when 
clear, the interrupt is inhibited. TIE is cleared 
by reset. 


Bit 3 RE 
Receive Enable. When set, the P23 DDR bit is 
cleared, cannot be changed, and will remain 
clear if RE is subsequently cleared. While RE is 
set, the SCI receiver is enabled. RE is cleared 
by reset. 


Bit 4 RIE 
Receiver Interrupt Enable. When set, an IRQ2 
interrupt is enabled when RDRF and/or ORFE 
is set; when clear, the interrupt is inhibited. 
RIE is cleared by reset. 


Bit 5 TDRE 
Transmit Data Register Empty. TDRE is set 
when 
the 
contents 
of 
the 
Transmit 
Data 
Register is transferred to the output serial shift 
register or by reset. It is cleared by reading the 
TRCSR (with TDRE set) and then writing to 
the Transmit Data Register. Additional 
data 


will 
be transmitted 
only if TDRE has been 
cleared. 
Bit 6 ORFE 
Overrun Framing Error. If set, ORFE indicates 


either 
an overrun 
or framing 
error. 
An overrun 
occurs when a new byte is ready to transfer to 
the Receiver Data Register with RDRF still set. 
A receiver framing error has occurred when 
the byte boundaries of the bit stream are not 
synchronized to the bit counter. An overrun 
can be distinguished from a framing error by 
the value of RDRF: if RDRF is set, then an 
overrun has occurred; otherwise, a framing er- 
ror has been detected. Data is not transferred 
to the Receive Data Register in an overrun 
condition. 
ORFE is cleared by reading the 
TRCSR (with 
ORFE setl 
then 
reading the 
Receive Data Register, or by reset. 


Bit 7 RDRF 
Receive Data Register Full. RDRF is set when 
the contents of the input serial shift register is 
transferred to the Receive Data Register. It is 
cleared by reading the TRCSR (with 
RDRF 
set), 
and 
then 
reading 
the 
Receive Data 
Register, or by reset. 


SERIAL OPERATIONS 


The SCI is initialized by writing the control bytes first to 
the 
Rate and 
Mode 
Control 
Register and then 
to 
the 
Transmit/Receive Control and Status Register. When TE is 
set, the output of the Transmit Shift Register is connected to 
P24 and serial output is initiated by the transmission of a 
9-bit preamble of l' s. 
At this point one of two situations exist: 11if the Transmit 
Data Register is empty (TDRE= 1), a continuous string of 1's 
will be sent indicating an idle line, or 21 if a byte has been 
written to the Transmit Data Register (TDRE=OI, the byte 
will 
be transferred to the Transmit 
Shift 
Register (syn- 
chronized with the bit rate clock), TDRE will be set, and 
transmission will begin. 


The start bit (0), eight data bits (beginning with bit 0) and a 
stop bit (1), will be transmitted. If TDRE is still set when the 
next byte transfer should occur, ,'s will be sent until more 
data is provided. Receiveoperation is controlled by REwhich 
configures P23 as an input and enables the receiver. In Bi- 
phase format, the output toggles at the start of each bit and 
at half time when a "'1"' is sent. SCI data formats are il- 
lustrated in Figure 35. In receiving Bi-phase, a """' is input 
when two transitions occur in less than 3/4 bit-time, and a 
"'0"' is input when more than 3/4 bit-time passesafter a tran- 
sition on P23. 


The MC68120/MC68121 
is upward source and object code 
compatible 
with the MC6800 processor and directly compati- 
ble with the M6801 Family processors. 


PROGRAMMING 
MODEL 


A 
programming 
model 
for 
the 
MC68120/MC68121 
is 
shown 
in Figure 14. Accumulator 
A can be concatenated 
with accumulator 
B and jointly referred to as accumulator 
D 


where A is the most significant 
byte. Any operation 
which 
modifies 
th·e double 
accumulator 
will 
also 
modify 
ac- 
cumulator 
A 
and/or 
B. 
Other 
registers 
are defined 
as 
follows: 


Program 
Counter 
- 
The program 
counter 
is a 1()-bit 
register which 
always points to the next instruction. 


Stack 
Pointer 
- 
The Stack 
Pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup 
(LIFO) queue. 
The stack resides in ran- 
dom access memory at a location specified by the software. 


Index Register 
- 
The Index Register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


Accumulators 
- 
The 
IPC 
contains 
two 
8-bit 
ac- 
cumulators, 
A and B, which are used to store operands and 
results from the arithmetic 
logic unit (ALUI. They can also be 
concatenated 
and referred to as the D Idouble) accumulator. 


Condition 
Code Register - 
The Condition 
Code Register 


indicates 
the 
results 
of 
an 
instruction 
and 
includes 
the 
following 
five 
condition 
bits: 
Negative 
IN), 
Zero 
IZ), 
Overflow 
(VI, Carry/Borrow 
from 
MSB IC), and half carry 
from 
bit 3 IHI. These bits are testable 
by the conditional 
branch instructions. 
Bit 4 is the interrupt 
mask (I-bitl and in- 
hibits all maskable interrupts when set. The two unused bits 
b6 and b7, are read as ones. 


ADDRESSING 
MODES 


The MC68120/MC68121 
provides 
six addressing 
modes 
which can be used to reference memory. 
A summary of ad- 


dressing modes for all instructions 
is presented in Tables 13, 


14, 
15 and 
16 where 
execution 
times 
are 
provided 
in 


E-cycles. 
Instruction 
execution 
times 
are summarized 
in 
Table 17. With an input frequency IE) of 1 MHz, E-cycles are 
equivalent 
to microseconds. 
A cycle-by-cycle 
description 
of 
bus activity for each instruction 
is provided in Table 18 and a 
description 
of selected instructions 
is shown in Figure 38. 


Immediate Addressing 
- 
The operand is contained 
in the 
following 
bytels) 
of the instruction 
where the number 
of 
bytes matches the size of the register. These are two or three 
byte instructions. 


Direct 
Addressing 
- 
The least significant 
byte 
of 
the 
operand address is contained 
in the second byte of the in- 
struction 
and the most significant 
byte is assumed to be $00. 
Direct addressing allows the user to access $00 through 
$FF 
using two byte instructions 
and execution time is reduced by 
eliminating 
the additional 
memory access Irefer to Table 1l. 


In most applications, 
this 256-byte area is reserved for fre- 
quently 
referenced data. Note that no direct addressing 
of 


internal control 
registers is possible in Mode 3. 


Extended Addressing 
- 
The second and third bytes of the 
instruction 
contain 
the absolute 
address of the operand. 
These are three byte instructions. 


Indexed Addressing 
- 
The unsigned offset contained 
in 
the second byte of the instructions 
is added with carry to the 


Index 
Register 
and 
used 
to 
reference 
memory 
without 
changing 
the Index Register. These are two 
byte instruc- 


tions. 


Inherent Addressing 
- 
The operandls) 
are registers and 


no memory reference is required. 
These are single byte in- 
structions. 


Relative Addressing 
- 
Relative addressing is used only for 
branch instructions. 
If the branch condition 
is true, the Pro- 
gram Counter is overwritten 
with the sum of a signed single 
byte displacement 
in the second byte of the instruction 
and 
the current 
Program Counter. 
This provides a branch range 


of - 126 to 129 bytes from the first byte of the instruction. 
These are two byte instructions. 


II 


• 


Condition 
Codes 


Immed 
Direct 
Index 
Extend 
Inherent 
5 4 3 2 
1 
0 


Pointer 
Operations 
Mnemonic 
OP 
# OP 
# OP 
# OP 
# OP 
# 
Boolean/ 
H 
I 
N 
Z 
V 
C 
Arithmetic 
Ooeration 


Compare 
Index Reg 
CPX 
8C 4 
3 9C 5 
2 AC 6 
2 BC 6 
3 
P< - M: 
M + 1 
•·; , I I 


Decrement 
Index Reg 
DEX 
09 
3 
1 X - 1-X 
•·., • • 
Decrement 
Stack Pntr 
DES 
34 
3 
1 SP - 1 -SP 
• • •• • • 
Increment 
Index Reg 
INX 
08 
3 
1 X + 1-X 
• • 
• t • • 
Increment 
Stack Pntr 
INS 
31 
3 
1 1 SP + 1 -SP 
• •• • • • 
Load Index Reg 
LOX 
CE 3 
3 DE 4 
2 EE 5 
2 
FE 5 
3 
M -XH. 
1M + 11-XL 
• • 
R • 
Load Stack Pntr 
LOS 
8E 
3 
3 
9E 4 
2 AE 
5 
2 BE 5 
3 
M -SPH. 
(M + 1) -SPL 
• • 
R • 
Store 
Index Reg 
STX 
OF 4 
2 
EF 5 
2 
FF 5 
3 
XH -M. 
XL 
(M + 1) 
• • 
R • 
Store 
Stack Pntr 
STS 
9F 4 
2 AF 
5 
2 
BF 5 
3 
SPH 
M. SPL -(M 
+ 1I 
• • 
R • 
Index Reg - 
Stack Pntr 
TXS 
35 
3 
1 X - 1 -SP 
• • • • • • 
Stack Pntr - 
Index Reg 
TSX 
30 
3 
1 SP + 1-X 
• • • • • • 
Add 
ABX 
3A 
3 , B + X-X 
• • • • • • 
Push Data 
PSHX 
3C 4 
1 XL -MSp. 
SP - 1 -SP 
• • • • • • 
XH -MSp. 
SP - 1 -SP 
Pull Data 
PULX 
38 
5 
1 SP + 1 
SP. MSP-XH 
• • • • • • 
SP + 1 -SP. 
Msp 
-XL 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
Condition 
Codes 
Memory 
Operations 
MNE 
Op 
# 
Op 
# 
Op 
# 
Op - 
# 
Op 
# 
Expression 
H 
N 
Z 
V 
C 
Add Acmltrs 
ABA 
1B 
2 
1 A + B-A 
I 
I 
I 
Add B to X 
ABX 
3A 
3 
1 OO:B + X-X 
• 
• • • • 
Add with Carry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
ADCB 
C9 
2 
2 
09 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
Add 
ADDA 
88 
2 
2 
9B 
3 
2 
AB 
4 
2 
8B 
4 
3 
A + M-A 


ADDB 
C8 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B + M-A 
Add Double 
ADDD 
C3 
4 
3 
03 
5 
2 
E3 
6 
2 
F3 
6 
3 
0+ 
M:M + 1 ~D 
And 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
84 
4 
3 
A·M-A 
R • 
ANDB 
C4 
2 
2 
04 
3 
2 
E4 
4 
2 
F4 
4 
3 
B ·M-B 
R • 
Shift Left. 
ASL 
68 
6 
2 
78 
6 
3 
Arithmetic 
ASLA 
48 
2 
1 
ASLB 
58 
2 
1 
Shift Left Obi 
ASLD 
05 
3 
1 
Shift Right. 
ASR 
67 
6 
2 
77 
6 
3 
I 
Arithmetic 
ASRA 
47 
2 
1 
ASR8 
57 
2 
1 
Bit Test 
BITA 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
R • 
BITB 
C5 
2 
2 
05 
3 
2 
E5 
4 
2 
F5 
4 
3 
B· 
M 
R • 
Compare 
Acmltrs 
CBA 
11 
2 
1 A-8 
j 
I 
Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
OO-M 
R 
S 
R 
R 
CLRA 
4F 
2 
1 OO-A 
R 
S 
R 
R 
CLRB 
5F 
2 
1 OO-B 
R 
S 
R 
R 
Compare 
CMPA 
81 
2 
2 
91 
3 
2 
A1 
4 
2 
Bl 
4 
3 
A-M 
I I 
CMPB 
C1 
2 
2 
01 
3 
2 
E1 
4 
2 
F1 
4 
3 
8 - M 
I 
"5 
Complement 
COM 
63 
6 
2 
73 
6 
3 
M-M 
R 
S 
COMA 
43 
2 
1 A-A 
R 
S 
COMB 
53 
2 
1 a-B 
R 
S 
Deci mal Adj, A 
DAA 
19 
2 
1 Adj binary sum to BCD 
I 
Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M- 
1-M 
• 
DECA 
4A 
2 
1 A - 1-A 
• 
DECB 
5A 
2 
1 B·1 
-B 
• 
Exclusive 
OR 
EORA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
B8 
4 
3 
A 
G) 
M-A 
R • 
EORB 
CB 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
8 G) 
M-8 
I 
R • 


Accumulator and 
Immed 
Direct 
Inde. 
Extend 
Inher 
Boolean 
Condition 
Codes 
Memory Operations 
MNE 
Op 
# Op 
# Op 
# Op 
# Op 
# 
Expression 
H 
N 
Z 
V 
C 
Increment 
INC 
6C 
6 
2 
Ie 
o 
3 
M+ 
l-M 
\ 
• 
INCA 
4C 
2 
1 A 
+ l-A 
• 
INCB 
5C 
2 
1 B + 1 -B 
I 
I • 
Load Acmltrs 
LDAA 
B6 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
R • 
LDAB 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
R • 
Load Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M·M 
+ l-D 
R • 
Logical Shift, 
LSL 
68 
6 
2 
78 
6 
3 
t 
Left 
LSLA 
48 
2 
1 
t 
LSLB 
58 
2 
1 


LSLD 
05 
3 
1 
Shift Right, 
LSR 
64 
6 
2 
74 
6 
3 
R 
Logical 
LSRA 
44 
2 
1 
R 
LSRB 
54 
2 
1 
R 
LSRD 
04 
3 
1 
R 
Multiply 
MUL 
3D 
10 
1 A X B-D 
• • • 
2's Complement 
NEG 
60 
6 
2 
70 
6 
3 
00- 
M-M 


INe9ate) 
NEGA 
40 
2 
1 00 - A-A 
I I I 
NEGB 
50 
2 
1 00 - B-B 
No Operation 
NOP 
01 
2 
1 PC + 1 -PC 
• • • • 
Inclusive OR 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A 
+ M-A 
R • 
ORAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B + M-B 
R • 
Push Data 
PSHA 
36 
3 
1 A -Stack 
• • • • 
PSHB 
37 
3 
1 B -Stack 
• • • • 
Pull Data 
PULA 
32 
4 
1 Stack -A 
• • • • 
PULB 
33 
4 
1 Stack 
-B 
• • • • 
Rotate Left 
ROL 
69 
6 
2 
79 
6 
3 
I 
I I I 
ROLA 
49 
2 
1 
I 
I 
ROLB 
59 
2 
1 
I 
Rotate Right 
ROR 
66 
6 
2 
76 
6 
3 
I 
t 
RORA 
46 
2 
1 
I 
RORB 
56 
2 
1 


Subtract Acmltr 
SBA 
10 
2 
1 A - B-A 
Subtract with 
SBCA 
82 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A - M - C-A 
Carry 
SBCB 
C2 
2 
2 
D2 
3 
2 
E2 
4 
2 
F2 
4 
3 
B - M - C-B 
Store Acmltrs 
STAA 
97 
3 
2 
A7 
4 
2 
B7 
4 
3 
A-M 
R • 
STAB 
D7 
3 
2 
E7 
4 
2 
F7 
4 
3 
B-M 
R • 
STD 
DD 
4 
2 
ED 
5 
2 
FD 
5 
3 
D-M:M+l 
R • 
Subtract 
SUB A 
80 
2 
2 
90 
3 
2 
AO 
4 
2 
BO 
4 
3 
A- 
M-A 
I I I 
SUBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B - M-B 
I 
Subtract 
Double 
SUBD 
83 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
D - M:M 
+ 1 -D 
I 
t 
I 
Transfer Acmltr 
TAB 
161 
L 
1 A-B 
R • 
TBA 
17 
2 
1 B-A 
R • 
Test. Zero or 
TST 
6D 
6 
2 
7D 
6 
3 
M - 00 
R 
R 
Minus 
TSTA 
4D 
2 
1 A - 00 
R 
R 
TSTB 
5D 
2 
1 B - 00 
I 
R 
R 


• 


• 


Condo Code 
Reg. 
Direct 
Relative 
Index 
Extnd 
Inheren 
5 
4 
3 
2 
1 
0 


Operations 
Mnemonic 
OP -# 
OP - 
# OP- 
# OP- 
# OP- 
Branch 
Test 
H 
I 
N 
Z 
V 
C 


Branch 
Always 
BAA 
20 
3 
2 
None 
• • • • • • 
Branch 
Never 
BAN 
21 
3 
2 
None 
• • • • • • 
Branch 
If Carry Clear 
BCC 
24 
3 
2 
C;O 
• • • • • • 
Branch 
If Carry Set 
BCS 
25 
3 
2 
C; 
1 
• • • • • • 
Branch 
If = Zero 
BEG 
27 
3 
2 
Z - 1 
• • • • • • 
Branch 
If ~ Zero 
BGE 
2C 3 
2 
NGlV;O 
• • • • • • 
Branch 
If > Zero 
BGT 
2E 3 
2 
Z + IN GlVI - 0 
• • • • • • 
Branch 
If Higher 
BHI 
22 
3 
2 
C+Z;O 
• • • • • • 
Branch 
If Higher 
or Same 
BHS 
24 
3 
2 
C -0 
• • • • • • 
Branch 
If < Zero 
BlE 
2F 3 
2 
Z+(NGlVI-1 
• • • • • • 
Branch 
If Carry Set 
BlO 
25 
3 
2 
C; 
1 
• • • • • • 
Branch 
If Lower 
Or Same 
BlS 
23 
3 
2 
C + Z; 
1 
• • • • • • 
Branch 
If < Zero 
BlT 
20 
3 
2 
N GlV ; 1 
• • • • • • 
Branch If Minus 
BMI 
2B 3 
2 
N - 1 
• • • • • • 
Branch 
If Not Equal Zero 
BNE 
26 
3 
2 
Z - 0 
• • • • • • 
Branch 
If Overflow 
Clear 
BVC 
28 
3 
2 
V;O 
• • • • • • 
Branch If Overflow 
Set 
BVS 
29 
3 
2 
V - 1 
• • • • • • 
Branch 
If Plus 
8Pl 
2A 
3 
2 
N-O 
• • • • • • 
Branch 
To Subroutine 
BSA 
BD 6 
2 
} See Special 
• • • • • • 
Jump 
JMP 
6E 
3 
2 7E 
3 
3 
Operations 
- 
• • • • • • 
Jump To Subroutine 
JSA 
90 
5 
2 
AD 
6 
2 BD 
6 
3 
Figure 36 
• • • • • • 
No Operation 
NOP 
01 
2 
1 
• • • • • • 
Return 
From Interrupt 
AT! 
3B 
0,I 
I I I I I I 
Return 
From Subroutine 
ATS 
39 
5 
1 
See Special 
• • • • • • 
Software 
Interrupt 
SWI 
3F 
2 
1 
Operations- 
• 
S • • • • 
Wait For Interrupt 
WAI 
3E 9 
, 
Figure 36 
• • • • • • 


Condo 
Code 
Reg. 


Inherent 
5 
4 
3 
2 
1 
0 


Operations 
Mnemonic 
OP - • 
Boolean Operation 
H 
I 
N 
Z 
V 
C 


Clear Carry 
ClC 
OC 2 
1 
O-C 
• • • • • A 


Clear 
Interrupt 
Mask 
CLI 
OE 2 
1 
0-1 
• A • • • • 
Clear 
Overflow 
ClV 
OA 2 
1 
o -V 
• • • • A • 
Set Carry 
SEC 
00 
2 
1 
1 -C 
• • • • • S 


Set Interrupt 
Mask 
SEI 
OF 2 
1 
1-1 
• S • • • • 
Set Overflow 
SEV 
OB 2 
1 
1 -V 
• • • • S • 
Accumulator 
A -CCR 
TAP 
06 
2 
1 
A -CCA 
, I I I I I 
CCR -Accumulator 
A 
TPA 
07 
2 
1 
CCA -A 
• • • • • • 


lEGEND 
OPOperation 
Code (Hexadecimal) 


- 
Number 
of MPU Cycles 
MSp 
Contents 
of memory 
location 
pointed 
to by Stack Pointer 


# 
Number 
of Program 
Bytes 


+ 
Arithmetic 
Plus 


- 
Arithmetic 
Minus 
• 
Boolean 
AND 
X 
Arithmetic 
Multiply 


+ 
Boolean 
Inclusive 
OR 


(±) 
Boolean 
Exclusive 
OR 
M Complement 
of M 
- 
Transfer 
Into 
OBit 
= Zero 
00 Byte; 
Zero 


CONDITION 
CODE 
SYMBOLS 


H 
Half-carry 
from bit 3 


I 
Interrupt 
mask 
N 
Negative 
(sign bit) 
Z 
Zero (byte) 
V 
Overflow, 
2's complement 


C 
Carry/Borrow 
from 
MSB 
R 
Reset Always 
S 
Set Always 
I 
Affected 
• 
Not Affected 


ADDRESSING 
MODE 
! 
"C 
.• 
C 
.. 
:;; 
.. 
"C 
U 
"C 
.. 
.. 
> 
.. 
c: 
" 
:0 
.., 
E 
f 
! 
.. 
.!! 
.§ 
"C 
.t: 
•. 
i5 
" 
.: 
w 
.: 
a: 


ABA 
• 
• 
• 
• 
2 
• 
ABX 
• 
• 
• 
• 
3 
• 
ADC 
2 
3 
4 
4 
• 
• 
ADD 
2 
3 
4 
4 
• 
• 
ADDD 
4 
5 
6 
6 
• 
• 
AND 
2 
3 
4 
4 
• 
• 
ASL 
• 
• 
6 
6 
2 
• 
ASLD 
• 
• 
• 
• 
3 
• 
ASR 
• 
• 
6 
6 
2 
• 
BCC 
• 
• 
• 
• 
• 
3 
BCS 
• 
• 
• 
• 
• 
3 
BEG 
• 
• 
• 
• 
• 
3 
BGE 
• 
• 
• 
• 
• 
3 
BGT 
• 
• 
• 
• 
• 
3 
BHf 
• 
• 
• 
• 
• 
3 
BHS 
• 
• 
• 
• 
• 
3 
BfT 
2 
3 
4 
4 
• 
• 
BLE 
• 
3 
BLO 
• 
3 
BLS 
3 
BLT 
3 
BMf 
3 
BNE 
3 
BPL 
3 
BRA 
3 
BRN 
3 
BSR 
6 
BVC 
3 
BVS 
3 
CBA 
2 
• 
CLC 
2 
• 
ClI 
2 
• 
CLR 
6 
6 
2 
• 
CLV 
• 
• 
2 
• 
CMP 
2 
3 
4 
4 
• 
• 
COM 
• 
• 
6 
6 
2 
• 
CPX 
4 
5 
6 
6 
• 
• 
DAA 
• 
• 
• 
• 
2 
• 
DEC 
• 
• 
6 
6 
2 
• 
DES 
• 
• 
• 
• 
3 
• 
DEX 
• 
• 
• 
• 
3 
• 
EOR 
2 
3 
4 
4 
• 
• 
fNC 
• 
• 
6 
6 
• 
• 
INS 
• 
• 
• 
• 
3 
• 


ADDRESSING 
MODE 


! 
"C 
.• 
.. 
"C 
C 
.. 
:;; 
U 
"C 
.. 
.. 
.~ 
.. 
c: 
" 
:0 
E 
f 
! 
•. 
.• 


.§ 
i5 
" 


"C 
.t: 
Qi 
w 
.: 
.: 
a: 


fNX 
• 
• 
• 
• 
3 
• 
JMP 
• 
• 
3 
3 
• 
• 
JSR 
• 
5 
6 
6 
• 
LOA 
2 
3 
4 
4 
• 
LDD 
3 
4 
5 
5 
• 
LOS 
3 
4 
5 
5 
• 
LOX 
3 
4 
5 
5 
• 
LSL 
• 
• 
6 
6 
2 
LSLD 
• 
• 
• 
• 
3 
LSR 
• 
• 
6 
6 
2 
LSRD 
• 
• 
• 
• 
3 
MUL 
• 
• 
• 
• 
10 
NEG 
• 
• 
6 
6 
2 
NOP 
• 
• 
• 
• 
2 
ORA 
2 
3 
4 
4 
• 
PSH 
• 
• 
• 
• 
3 
PSHX 
• 
• 
• 
• 
4 
PUL 
• 
• 
• 
• 
4 
PULX 
• 
• 
• 
• 
5 
ROL 
• 
• 
6 
6 
2 
• 
ROR 
• 
• 
6 
6 
2 
• 
RTf 
• 
• 
• 
• 
10 
• 
RTS 
• 
• 
• 
• 
5 
• 
SBA 
• 
• 
• 
• 
2 
• 
SBC 
2 
3 
4 
4 
• 
• 
SEC 
• 
• 
• 
• 
2 
• 
SEf 
• 
• 
• 
• 
2 
• 
SEV 
• 
• 
• 
• 
2 
• 
STA 
• 
3 
4 
4 
• 
• 
STD 
• 
4 
5 
5 
• 
• 
STS 
• 
4 
5 
5 
• 
• 
STX 
• 
4 
5 
5 
• 
SUB 
2 
3 
4 
4 
• 
SUBD 
4 
5 
6 
6 
• 
SWf 
• 
• 
• 
• 
12 
TAB 
• 
• 
• 
• 
2 
TAP 
• 
• 
• 
• 
2 
TBA 
• 
• 
• 
• 
2 
TPA 
• 
• 
• 
• 
2 
TST 
• 
• 
6 
6 
2 
TSX 
• 
• 
• 
• 
3 
TXS 
• 
• 
• 
• 
3 
WAf 
• 
• 
• 
• 
9 


• 


• 


{ 


PC 


RTN 


{ 


PC 


RTN 


Main 
Program 


S9D",JSR 


K 


Nexi MaIn 
IOSH 


K = Direct 
Address 


{ 


PC 


EXTND 


RTN 


5ubroulme 


PCI_$39~_RTS 
I q 


Mam Program 


PC I 
$3F~SWI 
_.1 
~ 


ATN 
' L---V 


WAI. 
Walt tor Interrupt 


Main Program 


PC L_$3_E~WA_' 
I ~ 


RTN 
L 
, L-,/ 


RTI, Return from Interrupt 


Interrupt 
Program 


PC I 
$3B~RTI 
I q 


{ 


Main Program 


INDXD 
PC I__ ~_:_~_:'~_~ 
__ 


X + K 
Next Instruction 


legend 


RTN = Address of next ,nstruChon In Mam Program to be executed upon return from subrouline 


RTNH"" Most signifICant byte of Return Address 


ATNl = least 
slgmhcant 
byle of Return Address 


.....• 
SP~~~S1aCk 


SP-l 
ATNH 


SP 
RTNL 


SP 


_ 
5P-21 
SP-l 
SP 


5P 


SPI 
5P+ 1 


-. 
SP+2 


5P 


-"'SP-7 


SP-6 


SP-5 


SP-4 


SP-3 


5P-2 


SP-l 
SP 


SP 
SP 


5P+ 1 


SP+2 


5P+3 


SP+4 


SP+5 


SP+6 


-.. 
5P+7 


Condition Code 


Acmltr B 


Acmltr A 


Index Register IXHI 


Indel( Register (XL' 


ATNH 


RTNL 


Coodlllen 
Code 


Acmltr B 


Acmllr A 


Index Register IXHI 


Index 
RegIster 
(XL 


ATNH 


RTNL 


h'ended {PC 


K -I~ 
-_N=•• =,=ln=,,=,u=c,=,o=n::: 


Main Program 


$7E=JMP 


KH "" Next 
Address 


K = Next 
Address 


Table 18 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Riw line 
during cycle of each instructions. 


The information 
is useful in comparing actual with ex- 


pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 
per instruction. 
In general, instructions with the same ad- 
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 


Note that during MPU reads of internal locations, 
the 
resultant value will not appear on the external Data Bus ex- 
cept in Mode O. "High order" byte refers to the most signifi- 
cant byte of a 16-bit value. 


The coding of the first (or only) byte corresponding to an 
executable Instruction is suflicient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
Instructions in all valid modes of addressing, are shown in 
Table 19. There are 220 valid machine codes, 34 unassigned 
codes and 2 reserved for test purposes. 


Address 
Mode 
& 
Instructions 


IMMEDIATE 


ADC EOR 
2 
1 
Op Code Address 
1 
Op Code 
ADD LDA 
2 
Op Code Address 
+ , 
, 
Operand 
Data 
AND ORA 
BIT SBC 
CMP SUB 


LDS 
3 
, 
Op Code Address 
, 
Op Code 
LDX 
2 
Op Code Address 
+ 1 
, 
Operand 
Data (High Order 
Byte) 
LDD 
3 
Op Code Address 
+ 2 
, 
Operand 
Data (Low Order 
Byte) 


CPX 
4 
, 
Op Code Address 
, 
Op Code 
SUBD 
2 
Op Code Address 
+ , 
, 
Operand 
Data (High Order 
Byte) 
ADDD 
3 
Op Code Address 
+ 2 
, 
Operand 
Data (Low Order 
Byte) 
4 
Address 
Bus FFFF 
, 
Low Byte of Restart 
Vector 


ADC EOR 
3 
, 
Op Code Address 
, 
Op Code 
ADD LDA 
2 
Op Code Address 
+ 1 
1 
Address 
of Operand 
AND ORA 
3 
Address 
of Operand 
, 
Operand 
Data 
BIT SBC 
CMP SUB 


STA 
3 
1 
Op Code Address 
, 
Op Code 
2 
Op Code Address 
+ , 
, 
Destination 
Address 
3 
Destination 
Address 
0 
Data from Accumulator 


LDS 
4 
1 
Op Code Address 
1 
Op Code 
LDX 
2 
Op Code Address 
+ 1 
, 
Address 
of Operand 
LDD 
3 
Address 
of Operand 
, 
Operand 
Data (High Order 
Byte) 
4 
Operand 
Address 
+ 1 
, 
Operand 
Data (Low Order 
Byte) 


STS 
4 
1 
Op Code Address 
1 
Op Code 
STX 
2 
Op Code Address 
T 1 
, 
Address 
of Operand 
STD 
3 
Address 
of Operand 
0 
Register Data (High Order Byte) 
4 
Address 
of Operand 
+ 1 
0 
Register 
Data (Low Order 
Byte) 


CPX 
5 
, 
Op Code Address 
, 
Op Code 
SUBD 
2 
Op Code Address 
+ , 
1 
Address 
of Operand 
ADDD 
3 
Operand 
Address 
, 
Operand 
Data (High Order 
Byte) 
4 
Operand 
Address 
+ 1 
1 
Operand 
Data (Low Order 
Byte) 
5 
Address 
Bus FFFF 
, 
Low Byte of Restart 
Vector 


JSR 
5 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 
3 
Subroutine 
Address 
, 
First Subroutine 
Op Code 
4 
Stack Pointer 
0 
Return Address 
(low 
Order Byte) 
5 
Stack 
Pointer 
+ 1 
0 
Return Address(High 
Order Byte) 


• 


• 


JMP 
3 
1 
Op Code Address 
, 
Op Code 
2 
Op Code Address 
+ , 
1 
Jump 
Address 
(High Order Byte) 
3 
Op Code Address 
+ 2 
, 
Jump 
Address 
(Low Order 
Byte) 


ADC EOR 
4 
, 
Op Code Address 
, 
Op Code 


ADD LOA 
2 
Op Code Address 
+ 1 
, 
Address 
of Operand 


AND ORA 
3 
Op Code Address 
+ 2 
, 
Address 
of Operand 
(Low Order Byte) 


BIT SBC 
4 
Address 
of Operand 
, 
Operand 
Data 


CMP SUB 


STA 
4 
, 
Op Code Address 
, 
Op Code 
2 
Op Code Address 
+ , 
1 
Destination 
Address 
(High Order 
Byte) 
3 
Op Code Address 
+ 2 
, 
Destination 
Address 
(Low Order 
Byte) 
4 
Operand 
Destination 
Address 
0 
Data from Accumulator 


LOS 
5 
1 
Op Code Address 
, 
Op Code 


LOX 
2 
Op Code Address 
+ , 
1 
Address 
of Operand 
(High Order 
Byte) 


LDD 
3 
Op Code Address 
+ 2 
1 
Address 
of Operand 
(Low Order 
Byte) 


4 
Address 
of Operand 
, 
Operand 
Data (High 
Order 
Byte) 
5 
Address 
of Operand 
+ 1 
, 
Operand 
Data (Low Order 
Byte) 


STS 
5 
1 
Op Code Address 
, 
Op Code 


STX 
2 
Op Code Address 
+ , 
, 
Address 
of Operand 
(High Order 
Byte) 


STD 
3 
Op Code Address 
+ 2 
, 
Address 
of Operand 
(Low Order 
Byte) 
4 
Address 
of Operand 
0 
Operand 
Data (High 
Order 
Byte) 


5 
Address 
of Operand 
+ 1 
0 
Operand 
Data (Low Order 
Byte) 


ASL LSR 
6 
, 
Op Code Address 
, 
Op Code 


ASR NEG 
2 
Op Code Address 
+ , 
1 
Address 
of Operand 
(High Order 
Byte) 
CLR ROL 
3 
Op Code Address 
+ 2 
1 
Address 
of Operand 


(Low Order Byte) 
COM ROR 
4 
Address 
of Operand 
, 
Current 
Operand 
Data 


DEC TST 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


INC 
6 
Address 
of Operand 
0 
New 
Operand 
Data 


CPX 
6 
, 
Op Code Address 
, 
Op Code 


SUBD 
2 
Op Code Address 
+ 1 
, 
Operand 
Address 
(High Order 
Byte) 


ADDD 
3 
Op code Address 
+ 2 
, 
Operand 
Address 


(Low Order Byte) 


4 
Operand 
Address 
, 
Operand 
Data (High Order 
Byte) 


5 
Operand 
Address 
+ 1 
, 
Operand 
Data (Low Order 
Byte) 
6 
Address 
Bus FFFF 
, 
Low Byte of Restart 
Vector 


JSR 
6 
, 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Address 
of Subroutine 


(High Order 
Byte) 


3 
Op Code Address 
+ 2 
1 
Address 
of Subroutine 


(Low Order 
Byte) 
4 
Subroutine 
Starting 
Address 
, 
Op Code of Next InstructIon 


5 
Stack Pointer 
0 
Return 
Address 


(Low Order 
Byte) 
6 
Stack Pointer 
- 1 
0 
Return 
Address 


HiQh Order 
Bvte) 


JMP 
3 
, 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


ADC EOR 
4 
1 
Op Code Address 
1 
Op Code 
ADD 
LOA 
2 
Op Code Address 
+ 1 
, 
Offset 
AND 
ORA 
3 
Address 
Bus FFFF 
, 
Low Byte of Restart 
Vector 
BIT SBC 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 
CMP SUB 


STA 
4 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 


LOS 
5 
, 
Op Code Address 
1 
Op Code 
LOX 
2 
Op Code Address 
+ , 
1 
Offset 
LDD 
3 
Address 
Bus FFFF 
, 
Low Byte of Restart 
Vector 
4 
Index Register 
Plus Offset 
1 
Operand 
Data (High 
Order 
Byte) 
5 
Index Register 
Plus Offset 
+ 1 
, 
Operand 
Data (Low Order 
Byte) 


STS 
5 
, 
Op Code Address 
1 
Op Code 
STX 
2 
ap Code Address 
+ 1 
1 
Offset 
STD 
3 
AddresS" Bus FFFF 
1 
Low Byte of Restart 
Vector 
4 
Index Register 
Plus Offset 
0 
Operand 
Data (High 
Order 
Byte) 
5 
Index Register 
Plus Offset 
+ 1 
0 
Operand 
Data (Low Order 
Byte) 


ASL 
LSR 
6 
1 
Op Code Address 
1 
Op Code 
ASR NEG 
2 
Op Code Address 
+ 1 
1 
Offset 
CLR ROL 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
COM 
ROR 
4 
Index Register 
Plus Offset 
1 
'Current 
Operand 
Data 
DEC TST(1) 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
INC 
6 
Index Register 
Plus Offset 
0 
New Operand 
Data 


CPX 
6 
1 
Op Code Address 
1 
Op Code 
SUBD 
2 
Op Code Address 
+ 1 
1 
Offset 
ADDD 
3 
Address 
Bus FFFF 
, 
Low Byte of Restart 
Vector 
4 
Index Register 
+ Offset 
, 
Operand 
Data (High 
Order 
Byte) 
5 
Index 
Register 
+ Offset 
+ 1 
1 
Operand 
Data (Low Order 
Byte) 
6 
Address 
Bus FFFF 
Low Byte of Restart 
Vector 


JSR 
6 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
4 
Index Register 
+ Offset 
1 
First Subroutine 
Op Code 
5 
Stack 
Pointer 
0 
Return Address (Low Order Byte) 
6 
Stack 
Pointer 
~ 1 
0 
Return Address 
(High Order Byte) 


• 


• 


TABLE 
1B - 
CYCLE BY CYCLE OPERATION 
(Sheet 4 of 5) 


RiW 
Line 


ABA 
DAA 
SEC 
2 
1 
Op Code Address 
1 
Op Code 


ASL DEC SEI 
2 
Op Code Address 
+ 1 
1 
Op Code of Next Instruction 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM 
SBA 


ABX 
3 
1 
Cp Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Irrelevent 
Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


ASLD 
3 
1 
Op Code Address 
1 
Op Code 


LSRD 
2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


DES 
3 
, 
Op Code Address 
, 
Op Code 


INS 
2 
Op Code Address 
+' 
1 
Cp Code of Next Instruction 


3 
Previous 
Register 
Contents 
, 
Irrelevant 
Data 


INX 
3 
, 
Op Code Address 
1 
Op Code 


DEX 
2 
Op Code Address 
+ 1 
, 
Op Code of Next Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


PSHA 
3 
1 
Op Code Address 
1 
Op Code 


PSHB 
2 
Op Code Address 
+1 
, 
Op Code of Next Instruction 
3 
Stack Pomter 
0 
Accumulator 
Data 


TSX 
3 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Cp Code of Next Instruction 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


TXS 
3 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Op Code of Next Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


PULA 
4 
1 
Op Code Address 
1 
Op Code 


PULB 
2 
Op Code Address 
+ 1 
, 
Op Code of Next Instruction 


3 
Stack Pointer 
1 
Irrelevant 
Data 
4 
Stack Pointer 
+1 
1 
Operand 
Data 
from 
Stack 


PSHX 
4 
, 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+1 
1 
Irrelevant 
Data 
3 
Stack Pointer 
0 
Index Register 
(Low Order By tel 
4 
Stack POinter -1 
0 
Index Register 
(High 
Order 
Byte) 


PULX 
5 
, 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+' 
1 
Irrelevant 
Data 
3 
Stack Pointer 
1 
Irrelevant 
Data 
4 
Stack Pointer 
+1 
1 
Index RegIster 
(High 
Order 
Byte) 
5 
Stack Pointer 
+2 
1 
Index 
Reaister 
(Low 
Order 
Byte) 


RTS 
5 
, 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+1 
, 
Irrelevant 
Data 
3 
Stack Pointer 
1 
Irrelevant 
Data 
4 
Stack Pointer 
+1 
1 
Address 
of Next Instruction 


(High 
Order 
Byte) 
5 
Stack Pointer 
+2 
, 
Address 
of Next Instruction 


(Low Order 
Byte) 


WAI 
9 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Op Code of Next Instruction 
3 
Stack Pointer 
0 
Return Address 
(Low Order Byte) 
4 
Stack POinter 
- 1 
0 
Return 
Address 


(High 
Order 
Byte) 
5 
Stack Pointer -2 
0 
Index Register 
(Low Order 
Byte) 
6 
Stack Pointer 
-3 
0 
Index Register 
(High 
Order Bytel 
7 
Stack Pointer 
-4 
0 
Contents 
of Accumulator 
A 
B 
Stack POinter 
-5 
0 
Contents 
of Accumulator 
B 


9 
Stack 
Pointer 
-6 
0 
Contents 
of Condo Code Register 


MUL 
10 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
7 
Address 
Bus 
FFFF 
1 
Low Byte of Restart 
Vector 


8 
Address 
Bus 
FFFF 
1 
Low Byte of Restart 
Vector 
9 
Address 
Bus 
FFFF 
1 
Low Byte of Restart 
Vector 
10 
Address 
Bus 
FFFF 
1 
Low Byte of Restart 
Vector 


RTI 
10 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack Pointer 
1 
Irrelevant 
Data 
4 
Stack POinter 
+1 
1 
Contents 
of Condo Code 
Reg. 
from 
Stack 
5 
Stack Pointer 
+2 
1 
Contents of Accumulator 
8 


from 
Stack 
6 
Stack 
POinter 
+3 
1 
Contents 
of Accumulator 
A 
from 
Stack 
7 
Stack Pointer 
+4 
1 
Index Register 
from 
Stack 
(High 
Order 
Byte) 
8 
Stack 
POinter 
+5 
1 
Index Register 
from 
Stack 
(Low 
Order 
Byte) 
9 
Stack POinter 
+6 
1 
Next Instruction 
Address 
from 


Stack 
(High 
Order 
Byte) 
10 
Stack Pointer +7 
1 
Next Instruction 
Address 
from 


Stack 
(Low 
Order 
Byte) 


SWI 
12 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack POinter 
0 
Return Address 
(Low Order Byte) 
4 
Stack Pointer 
-1 
0 
Return 
Address 
(High 
Order 
Byte) 
5 
Stack POinter 
-2 
0 
Index Register 
(Low Order 
Byte) 
6 
Stack Pointer 
-3 
0 
Index 
Register 
(High 
Order 
Byte) 
7 
Stack Pointer 
-4 
0 
Contents 
of Accumulator 
A 


8 
Stack POinter 
-5 
0 
Contents 
of Accumulator 
B 
9 
Stack Pointer 
-6 
0 
Contents 
of Condo Code Register 
10 
Stack 
Pointer 
-7 
1 
Irrelevant 
Data 
11 
Vector 
Address 
FFFA (Hex) 
1 
Address 
of Subroutine 
(High 
Order 
Byte) 


12 
Vector 
Address 
FFFB (Hex) 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


BCC BHT BNE BLO 
3 
1 
Op Code 
Address 
1 
Op Code 
BCS BLE BPL BHS 
2 
Op Code Address 
+ 1 
1 
Branch 
Offset 
BEQ BLS BRA BRN 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
BGE 
BLT BVC 
BGT BMT 
BVS 


BSR 
6 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Branch 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Subroutine 
Starting 
Address 
1 
Op Code of Next Instruction 
5 
Stack POinter 
0 
Return Address (Low Order Byte) 
6 
Stack Pointer 
-1 
0 
Return Address(High 
Order Byte) 


• 


• 


0' 
MHEM 
MODE - . 0' 
YNEM 
MODE - . 0' 
MHEM 
MODE - . 
OP 
MHEM 
MODE - . 0. 
MHEM 
MODE - . 


00 
'4 
DES 
tNHER , 
1 
'B 
ASl 
INOXO • 
2 
9C 
CP' 
D'R 
, 
2 
DO 
SUBS 
D'R 
3 
2 
01 
NOP 
INHEFt 
2 
1 
35 
TXS 
, 
1 •• 
ROl ! 


• 
2 
'0 
JSR • 


, 
2 
01 
CMPB 
3 
2 
02 
,. 
PSHA 
, 
1 
6A 
DEC 
6 
2 
'E 
lDS 
4 
2 
02 
sIles 
3 
2 
0' 
J7 
PSHB 
, 
1 
'B 
'F 
STS 
DlR 
4 
2 
0' 
ADOD 
, 
2 
04 
lSFtO 
, 
1 
'B 
PUlX 
, 
1 
6C 
INC 
6 
2 
'0 
SU8A 
INOXD 
4 
2 
04 
ANOS 
, 
2 


"" 


ASLO 
3 
1 
3. 
RTS 
, 
1 
60 
TST 
6 
2 
Al 
CMPA 
4 
2 
0' 
BITe 
3 
2 
D6 
TAP 
2 
1 
3A 
AB' 
, 
1 
6E 
JMP 
3 
2 
A2 
secA 
4 
2 
06 
LOAS 
, 
2 
OT 
TPA 
2 
1 
3B 
RTI 
10 
I 
6f 
ClR 
tNOXO 
6 
2 
A3 
sueD 
6 
2 
07 
STAB 
, 
2 


DB 
'N' 
3 
1 
3C 
P$H' 
4 
1 
70 
NEG 
EXTNO 
6 
3 
A4 
ANcIA 
4 
2 
DB 
EORB 
3 
2 
D9 
DEX 
3 
1 
3D 
MUl 
10 
1 
71 
AS 
RITA 
4 
2 
D' 
AOCB 
3 
2 
OA 
Clv 
2 
1 
3E 
WAI 
• 
1 
72 
A' 
lDAA 
4 
2 
OA 
DRAB 
3 
2 


DB 
SEV 
2 
1 
3F 
SWI 
12 
1 
7J 
COM 
6 
3 
A7 
STAA 
4 
2 
OB 
ADoe 
3 
2 
DC 
ClC 
2 
1 
4() 
NEGA 
2 
1 
74 
l5R 
6 
3 
AB 
EORA 
4 
2 
OC 
lDD 
4 
2 
00 
SEC 
2 
1 
41 
" 


A' 
ADCA 
4 
2 
DO 
STD 
4 
2 
DE 
ClI 
2 
1 
42 
76 
ROR 
• 
3 
AA 
DRAA 
· 


2 
DE 
lD. 
4 
2 


Of 
SEI 
2 
1 
43 
COMA 
2 
1 
77 
ASR 
6 , 
AB 
ADOA 
4 
2 
OF 
STX 
DIR 
4 
2 


10 
SBA 
2 
1 
44 
lSRA. 
2 
1 
TB 
ASl 
6 
3 
AC 
cex 
6 
2 
EO 
SUBS 
INOXO 
4 
2 


11 
CBA 
2 
1 
4' 
7' 
ROl 
6 , 
AD 
JSR 
6 
2 " 


(MPS 
4 
2 
12 
46 
RORA 
2 
1 
7A 
DEC 
• 
3 
AE 
lDS 
, 
2 
E2 
sece 
4 
2 


13 
47 
A$RA 
2 
1 
7B 
AF 
STS 
INOXQ , 
2 
E3 
AOOO 
6 
2 
14 
4B 
ASLA 
2 
1 
7C 
'NC 
6 
3 
BO 
SUBA 
EXTNO 
4 
J 
E4 
ANoe 
4 
2 
" 
4' 
ROLA 
2 
1 
70 
TST 
6 
3 
Bl 
CMPA 
4 
3 " 


BITS 
4 
2 


" 
TAB 
2 
1 
4A 
OECA 
2 
1 
7E 
IMP 
3 , 
B2 
seCA 
4 
3 
E6 
LDAS 
4 
2 


17 
TBA 
2 
1 
4B 
7F 
ClR 
fXTNO 
6 , 
B3 
SU80 
• 
3 
ET 
STAB 
4 
2 


lB 
4C 
INCA 
2 
I 
eo 
SUB 
A 
IMMEO 
2 
2 
B' 
ANDA 
· 


3 
EB 
EORB 
4 
2 


" 
DAA 
tNHER 
2 
1 
40 
TSTA 
2 
I 
Bl 
CMPA 
I 


2 
2 
B' 
BtTA 
4 , E' 
ADee 
4 
2 


lA 
4E 
T 
" 
secA 
2 
2 
B' 
lDAA 
4 
3 
EA 
DRAB 
4 
2 


lB 
ABA 
INHER 
2 
1 
4F 
ClRA 
2 
1 
B' 
sueD 
· , 
B7 
STAll, 
4 
3 
EB 
AD08 
4 
2 


lC 
SO 
NEGB 
2 
1 
B4 
ANDA 
2 
2 
BB 
EORA 
4 , EC 
LOD 
, 
2 


10 
" 
BS 
BITA 
, 
2 
D' 
ADCA 
4 
3 
EO 
Sf 0 
, 
2 


IE 
" 
B' 
LOAA 
, 
2 
BA 
ORAA 
4 , EE 
lD' 
, 
2 
" 
" 


COMB 
2 
1 
BT 
BB 
ADOA 
4 
3 " 


STX 
INOXQ 
5 
2 
20 
BRA 
REL 
3 
2 
54 
lSFt8 
, 
I 
BB 
EaRll, 
2 
2 
BC 
CP. 
• , FO 
SUBS 
EXTNO 
4 
3 


21 
BRN 
3 
2 " 
B' 
ADell, 
2 
2 
BO 
J<;R 
• , F1 
(MPS 
4 
3 
22 
BH' 
3 
2 
56 
RORe 
2 
1 
BA 
DRAA 
, 
2 
BE 
LOS 
, 
3 
F2 
58C8 
4 
3 


23 
BlS 
, 
2 " 


ASRB 
2 
1 
BB 
ADOA 
, 
2 
DF 
STS 
EXTNO , 
3 
" 
ADOD 
6 
3 
24 
BCC 
3 
2 
'B 
ASlB 
2 
I 
BC 
CP' 
IMMED 
4 , 
CO 
SUBS 
IMMED 
2 
2 
14 
AN 
DB 
4 
3 
" 


BCS 
3 
2 
S. 
ROt8 
, 
1 
Bo 
BSR 
REl 
6 
2 
Cl 
(MP8 
2 
2 " 
BITB 
4 , 


26 
BNE 
3 
2 
54 
OEce 
2 
1 
BE 
lOS 
IMMED , , 
C2 
S8ce 
, 
2 
F6 
LOAS 
4 
J 
27 
BED 
3 
2 
'B 
" 


CJ 
AOOO 
4 , F7 
STAB 
4 
3 
2B 
BVC 
, 
2 
>C 
INCB 
2 
1 
9C 
SUBA 
0" 
, 
2 
C4 
ANDe 
2 
2 
'B 
EORB 
4 , 


2. 
BVS 
, 
2 
SO 
1518 
2 
1 
91 
CMPA 


1 


3 
2 
r, 
BIT8 
2 
2 
19 
AOCB 
4 , 


2A 
BPl 
, 
2 
SE 
T 
.2 
seCA 
, 
2 
C. 
LOAS 
, 
2 
FA 
ORAB 
4 
3 
2B 
BMI 
3 
2 " 


etAB 
INHER 
2 
1 
'3 
sueD 
, 
2 
C7 
FB 
ADDS 
4 
3 
2C 
BGE 
3 
2 
60 
NEG 
INOllD 
• 
2 ,. 
ANDA 
, 
2 
CB 
EORB 
2 
2 
'c 
lDD 
, 
3 


20 
6LT 
3 
2 
61 
! 


., 
81'1A 
, 
2 
C. 
ADC8 
2 
2 
FO 
STO 
, 
3 


2E 
BGT 
3 
2 
62 
•• 
lDAA 
, 
2 
CA 
DRAB 
, 
2 " 


lD' 
, , 


2F 
BLE 
REl 
3 
2 
63 
COM 
6 
2 
'7 
STAA 
3 
2 
CB 
A008 
, 
2 " 


STX 
EXTNO , 
3 


30 
TS' 
INHER , 
1 
64 
lSR 
• 
2 
.B 
EDRA 
3 
2 
CC 
lOD 
3 
3 
31 
'NS 
t , 
1 
55 
•• 
ADeA 
, 
2 
ro 
'UNDEFINED 
OP 
rODE 
32 
PULA 
4 
1 
66 
ROR 
6 
2 
'A 
DRAA 
, , 
C£ 
lD' 
IMMED , 
3 


3J 
PUlB 
INHER 
4 
1 
67 
ASR 
INoxa 
6 
2 
.B 
ADDA 
DIR , , 
CF 


NOTES: 


1. Addressing 
Modes 


INHER_lnherent 
INOXO-lndexed 
lMMEO-lmmedlate 


REL- Relative 
EXTNO_ Extended 
DIR. 
Direct 


2. Unassigned opcodes are indicated by .. •.. and should not be executed. 
3. Codes marked by "T" 
force the PC to function as a 16-blt counter. 


APPENDIX 
A 
MC68120 CUSTOM 
ORDERING 
INFORMATION 


A.a 
Address SFFEF is Reserved for the Checksum value for the 
ROM, to be generated at the factory. 


A.1 CUSTOM 
MC68120 ORDERING INFORMATION 


The custom MC68120 specifications 
may be transmitted 
to 
Motorola 
in any of the following 
media: 


A) EPROMis) 


BI MOOS diskette 
The specification 
should be formatted 
and packaged, 
as 
indicated 
in the appropriate 
paragraph 
below, 
and mailed 
prepaid and insured with a cover letter (see Figure A-1) to: 


Motorola 
Inc. 


MPU Marketing 
3501 Ed Bluestein Blvd. 
Austin. 
Texas 78721 


A copy of the cover letter should also be mailed separately. 


A.2 EPROMs 
MCM2700 
and 
MCM2716 
type 
EPROMs, 
programmed 
with the custom program ipositive logic notation for address 
and data), 
may be submitted 
for pattern 
generation. 
The 


MC2700s must be clearly marked to indicate which 
PROM 
corresponds 
to which address space (SFsOo-SFBFF; SFCOO- 
SFFFFI. 
See Figure 
A-2 
for 
recommended 
marking 
pro- 


cedure. 


~ 


~ 


~ 


~ 


After the EPROM(sl are marked, they should be placed in 


conductive 
IC carriers 
and securely 
packed. 
Do not 
use 
styrofoam. 


A.3 MOOS DISKETTE 
The file name and start/end 
location should be written 
on 
the label. 


PATTERN MEDIA 
02708 
EPROM 


02716 
EPROM 


o DISkette 
(MOOS) 


MARKING 
o Standard 
o Special 


• 


• 


® MOTOROLA 


The MC68701 is an 8-bit single chip microcomputer 
unit IMCU) which 
significantly 
enhances the capabilities of the M6800 family of parts. It 
can be used in production 
systems to allow for easy firmware changes 
with minimum 
delay or it can be used to emulate the MC6801/03 for 
software development. 
It includes an upgraded M6800 microprocessor 
unit IMPU) with upward source and object code compatibility. 
Execu- 
tion times of key instructions 
have been improved and several new in- 
structions 
have been added including an unsigned multiply. 
The MCU 
can function 
as a monolithic 
microcomputer 
or can be expanded to a 
64K byte address space. It is TTl 
compatible and requires one + 5 volt 
power supply for nonprogramming 
operation. An additional Vpp power 
supply is needed for EPROM programming. 
On-chip resources include 
2048 bytes of EPROM, 128 bytes of RAM, Serial Communications 
Inter- 


face (SCII, parallel I/O, and a three function 
Programmable 
Timer. A 
summary of MCU features includes: 


• 
Enhanced MC6800 Instruction 
Set 


• 
8 x 8 Multiply 
l'lstruction 


• 
Serial Communications 
Interface (SCII 


• 
Upward Source and Object Code Compatibility 
with the MC6800 


• 
16-Bit Three-Function 
Programmable Timer 


• 
Single-Chip or Expanded Operation to 64K Byte Address Space 


• 
Bus Compatibility 
with the M6800 Family 


• 
2048 Bytes of UV Erasable, User Programmable 
ROM (EPROM) 


• 
128 Bytes of RAM (64 Bytes Retainable on Powerdown) 


• 
29 Parallel I/O and Two Handshake Control Lines 


• 
Internal Clock Generator with Divide-by-Four 
Output 


• 
-40 
to 85°C Temperature 
Range 


PackageType 
Frequency(MHz) 
Temperature 
GenericNumber 


Ceramic 
1.0 
O'C to 70'C 
MC68701L 
L Suffix 
1.0 
- 4O'C to 85'C 
MC68701CL 
1.25 
O'C to 70'C 
MC68701L-l 
1.25 
- 4O'C to 85'C 
MC68701CL-l 
1.5 
O'C to 70'C 
MC68A701L 


2.0 
O'C to 70'C 
MC688701L 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715 


PIN ASSIGNMENT 


VSS 
E 


XTALl 
SCl 


EXTAL2 
SC2 


P30 


IRQl 
P31 


RESET/Vpp 
P32 


VCC 
P33 


P20 
P34 


P21 
P35 


P22 
P36 


P23 
P37 


P24 
P40 


Pl0 
P41 


Pll 
P42 


P12 
P43 


P13 
P44 


P14 


P15 
18 


P16 
19 
22 
P47 


P17 
20 
21 
VCC 
Standby 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3 to +7.0 
V 


Operating Temperature 
Range 
TL to TH 
MC68701 
TA 
o to 70 
'c 


MC68701C 
-40 to 85 


Storage Temperature 
Range 
T5tg 
o to 85 
'c 


This device contains CIrcUitry to protect the in- 


puts againc;t damage due to high static voltages 
or electric fields; however. 
it is advised that nor- 


mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance 
circuit. For proper opera- 


tion it is recommended 
that Vin and Vout be con- 


strained to the range VSS:s IYin or Voutl:S VCC. 
Reliability of operation is enhanced if unused in- 
puts are tied to an appropriate logic voltage level 
le.g., either VSS or VCCI. 
Characteristic 


Thermal 
Resistance 


Ceramic Package 


The average chip-junction 
temperature, 
Tj, 
in °C can be obtained from: 


Tj=TA+(PDOOjA) 
(1) 


Where: 


TA-Ambient 
Temperature, 
°C 


OjAa 
Package Thermal Resistance, junction-to-Ambient, 
'C/W 


PD- 
PINT + PPORT 
PINT'" ICC x VCC' Watts 
- 
Chip Internal Power 
PPORT" 
Port Power Dissipation, 
Watts 
- 
User Determined 


For most applications 
PPORT<CPINT and can be neglected. 
PPORT may become significant 
if the device is configured 
to 
drive Darlington 
bases or sink LED loads. 


An approximate 
relationship 
between PD and Tj 
lif PPORT is neglected) is: 


PD=K+(Tj+273°C) 
(21 
Solving equations 
1 and 2 for K gives: 


K = PDo(T A + 273'Cl + OjAOPD2 
131 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring PD (at equilibrium) 
for a known TA. Using this value of K the values of PD and Tj can be obtained by solving equations (11and 121iteratively for any 
value of TA. 


II 
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Characteristic 
Symbol 
MC68701 
MC68701-1 
MC68A701 
MC68B701 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


Frequency of Operation 
fo 
0.5 
1.0 
0.5 
1.25 
0.5 
1.5 
0.5 
2.0 
MHz 


Crystal Frequency 
fXTAL 
2.0 
4.0 
2.0 
5.0 
20 
6.0 
2.0 
8.0 
MHz 


External Oscillator Frequency 
4fo 
20 
4.0 
2.0 
5.0 
2.0 
6.0 
2.0 
8.0 
MHz 


Crystal Oscillator Start Up Time 
tre 
- 
100 
- 
100 
- 
100 
- 
100 
ms 


Processor Control Setup Time 
tpcs 
200 
- 
170 
- 
140 
- 
110 
- 
ns 


MC68701 
MC68701C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input High Voltage 
REm 
VSS+4.0 
- 
VCC 
VSS+4.0 
- 
VCC 


Other Inputs· 
VIH 
VSS + 2.0 
- 
VCC 
VSS + 22 
- 
VCC 
V 


Input Low Voltage 
JITm 
VSS-0.3 
- 
VSS+O.4 
VSS - 0.3 
- 
VSS+O.4 
Other Inputs* 
VIL 
VSS-0.3 
- 
VSS + 0.8 
VSS - 03 
- 
VSS+0.8 
V 


Input Current, See Note 
Port 4 
- 
- 
0.6 
- 
- 
10 
1Vin = 0 to 2.4 VI 
SCI 
'in 
- 
- 
1.0 
- 
- 
1.6 
mA 


Input Current 


1Vin= 0 to 5.25 VI 
NMl,m 
lin 
- 
1.5 
2.5 
- 
1.5 
5 
~A 


Input Current 
1Vin=0 
to 0.4 VI 
RESET/Vpp 
1m 
- 
-20 
- 
- 
- 2.0 
- 
mA 
1Vin=4.0 
V to VCCI 
- 
- 
80 
- 
- 
8.0 


Hi-Z IOff 
Statel 
Input 
Current 
1Vin= 0.5 to 2.4 VI 
Ports I, 2, and 3 
ITSI 
- 
2 
10 
- 
2 
20 
~A 


Output 
High Voltage 


II Load = - 65~A, 
VCC= 
Mini 
Port4, 
SC1, SC2 
VOH 
VSS+2.4 
- 
- 
VSS + 2.4 
- 
- 
V 


IILoad= 
-100~A, 
VCC= 
MinI 
Other Outputs 
VSS + 2.4 
- 
- 
VSS + 2.4 
- 
- 


Output 
Low 
Voltage 


ILoad=2.0mA, 
Vcc=Minl 
All Outputs 
VOL 
- 
- 
VSS + 05 
- 
- 
VSS + 0.6 
V 


Darlington 
Drive Current 


1VO= 1.5VI 
Port 1 
IOH 
1.0 
2.5 
to.O 
1.0 
2.5 
10.0 
mA 


Internal Power Dissipation 
(Measured 
at TA = TL in Steady-State 
Operation) 
PINT 
- 
- 
1500 
- 
- 
1500 
mW 


Input Capacitance 
Port 3, 


1Vin=O, 
TA=25°C, 
fo= 
1 MHzI 
Port4, 
SCI 
Cin 
- 
- 
12.5 
- 
- 
12.5 
pF 


Other Inputs 
- 
- 
10.0 
- 
- 
to.O 


VCC Standby 
Powerdown 
VSBB 
4.0 
- 
5.25 
4.0 
- 
525 
Powerup 
VS8 
4.75 
- 
5.25 
4.75 
- 
525 
V 


Standby Current 
Powerdown 
ISBB 
60 
80 
mA 


Programming 
Time Per Byte IT A = 25°Cl 
tpp 
25 
- 
50 
25 
- 
50 
ms 


Programming 
Voltage 
IT A = 25°CI 
Vpp 
20.0 
21.0 
220 
20.0 
21.0 
22.0 
V 


Programming 
Current 


IVHESET = Vpp, 
T A = 25°CI 
Ipp 
- 
30 
50 
- 
30 
50 
mA 


* Except mode programming 
levels; see Figure 15. 


NOTE: 
RESET/Vpp 
lin differs 
from 
MC6801 
and MC6803 
values. 


Characteristics 
Symbol 
MC68701 
MC68701-1 
MC68A701 
MC68B701 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


Peripheral Data Setup Time 
tpDSU 
200 
- 
200 
- 
150 
- 
100 
- 
ns 


Perip!1eral Data Hold Time 
tpDH 
200 
- 
200 
- 
150 
- 
100 
- 
ns 


Delay Time, 
Enable Positive Transition to OS3 Negative 
Transition 
tOSDl 
- 
350 
- 
350 
- 
300 
- 
250 
ns 


Delay Time. 
Enable Positive TranSition to ~ 
Positive TransItion 
tOSD2 
- 
350 
- 
350 
- 
300 
- 
250 
ns 


Delay Time. 
Enable Negative 
TransItion to Penpheral Data Valid 
tpWD 
- 
350 
- 
350 
- 
300 
- 
250 
ns 


Delay Time. 
Enable Negative 
TranSItion to 


tCMOS 
- 
20 
- 
2.0 
- 
2.0 
- 
2.0 
Peripheral 
CMOS 
Data Valid 
~s 


Input Strobe Pulse Width 
tpWIS 
200 
- 
200 
- 
150 
- 
100 
- 
n5 


Input Data Hold TIme 
tlH 
50 
- 
50 
- 
40 
- 
30 
- 
ns 


Input Data Setup Time 
tiS 
20 
- 
20 
- 
20 
- 
20 
- 
ns 


P1D-P17 
P2D-P24 
P40·P47 
Inputs 


rMPU Wnte 
L 
/ 
ttcMOS1 


______ 
t_P_W_D_~l/+ - -- 0.7 VCC 


All Data 
Data Valid 
Port Outputs 
_ 


NOTES: 


1.10 
k. Pullup resistor required for Port 2 to reach 0.7 VCC 


2. Not applicable to P21 
3. Port 4 cannot be pulled above VCC 


Vcc 


1rl 


RL=1.8kll 


Test Pamt 
MMD6150 


or 
EQuiv 


C 
R 
MMD7000 


or Equlv 


-= 
~ 


C~90 pF for P30-P37, P40·P47, E, SC1, SC2 
~30 pF for PlO-Pl7, P20-P24 


R= 37 kll for P40-P47, SC1, SC2, 
=24 kll for Pl0-Pl7, 
P2D-P24, P30·P37, E 


• 
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Ident 
Characteristic 
Symbol 
MC68701 
MC68701-1 
MC68A701 
MC68B701 
Unit 
Number 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


1 
Cycle Time 
tcyc 
1.0 
2.0 
08 
2.0 
- 
20 
0.5 
2.0 
ps 


2 
Pulse Width. 
E Low 
PWEL 
430 
1000 
360 
1000 
:nJ 
1000 
210 
1000 
ns 


3 
Pulse Width. 
E High 
PWEH 
450 
1000 
360 
1000 
:nJ 
1000 
220 
1000 
ns 


4 
Clock 
Rise and Fall Time 
tr.tf 
- 
25 
- 
25 
- 
25 
- 
20 
ns 


9 
Address 
Hold Time 
tAH 
20 
- 
20 
- 
20 
- 
10 
- 
ns 


12 
Non-Muxed 
Address Valid Time to E* 
tAV 
200 
- 
150 
- 
115 
- 
70 
- 
ns 


17 
Read Data Setup Time 
tDSR 
80 
- 
70 
- 
60 
- 
40 
- 
ns 


18 
Read Data Hold Time 
tDHR 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


19 
Write 
Data Delay Time 
tDDW 
- 
225 
- 
200 
- 
170 
- 
120 
ns 


21 
Write 
Data Hold Time 
tDHW 
20 
- 
20 
- 
20 
- 
10 
- 
ns 


22 
Multiplexed 
Address Valid Time to E Rise* 
tAVM 
200 
- 
150 
- 
115 
- 
80 
- 
ns 


24 
Multiplexed 
Address 
Valid 
Time to AS Fall" 
tASL 
60 
- 
50 
- 
40 
- 
20 
- 
ns 


25 
Multiplexed 
Address Hold time 
tAHL 
20 
- 
20 
- 
20 
- 
10 
- 
ns 


26 
Delay Time. 
E to AS Rise* 
tASD 
90"" 
- 
70** 
- 
60"" 
- 
45** 
- 
ns 


27 
Pulse Width. 
AS High" 
PWASH 
220 
- 
170 
- 
140 
- 
110 
- 
ns 


28 
Delay Time, AS to E Rise* 
tASED 
90 
- 
70 
- 
60 
- 
45 
- 
ns 


29 
Usable Access Time* 
tACC 
595 
- 
465 
- 
380 
- 
270 
- 
ns 


* At specified cycle time. 


* * tASD 
parameters 
listed assume external TlL clock drive with 50% 
± 5% 
duty cycle. Devices driven by an external TlL clock with 50% 


± 1% duty cycle or which use a crystal have the following lASD 
specification: 
100 nanoseconds 
minimum 11.0 MHz devices). 80 nana· 


seconds minimum 11.25 MHz devices), 65 nanoseconds minimum (1.5 MHz devices). 50 nanoseconds 
minimum (2.0 MHz devices). 


10S. 


R/W. 
Address 
INon-Muxed) 


NOTES: 


1. Voltage 
levels shown are VL~0.5 
V. VH~2.4 
V. unless otherwise specified. 
2. Measurement 
points shown are 0.8 V and 2.0 V. unless otherwise specified. 
3. Usable access time is computed 
by 12+ 3-17+4. 


4. Memory 
devices should be enabled only during E high to avoid port 3 bus contention. 


The MC68701 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating 
modes. The operating 
mode controls 
the con- 
figuration 
of 
18 of 
the 40 MCU pins, available on-chip 
resources, memory map, location (internal or externalI of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 


Twenty-nine 
pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a Data Register 
and a write-only Data Direction Register. The Data Direction 
Register is used to define whether corresponding bits in the 
Data Register are configured as an input (clear! or output 
(setl. 


The term "port," 
by itself, refers to all of the hardware 
associated with the port. When the port is used as a "data 
port" or "I/O 
port," 
it is controlled by the port Data Direc- 
tion Register and the programmer has direct access to the 
port pins using the port Data Register. Port pins are labled as 
Pij where i identifies one of four ports and j indicates the par- 
ticular bit. 
The Microprocessor Unit (MPUI is an enhanced MC6800 
MPU with additional capabilities and greater throughput. 
It is 
upward 
source 
and 
object 
code 
compatible 
with 
the 


MC6800. The programming 
model is depicted in Figure 8 
where Accumulator D is a concatenation of Accumulators A 
and B. A list of new operations added to the M6800 instruc- 
tion set are shown in Table 1. 


The 
basic 
difference 
between 
the 
MC6801 and 
the 
MC68701 is that the MC6801 has an onboard ROM while the 
MC68701 has an onboard EPROM. The MC68701 is pin and 
code compatible 
with 
the 
MC6801 and can be used to 
emulate the MC6801, allowing easy software development 
using the onboard EPROM. Software developed using the 
MC68701 can then be masked into the MC6801 ROM. 


In order to support the onboard EPROM, the MC68701 dif- 
fers from the MC6801 as follows: 
(1) Mode 0 in the MC6801 is a test mode only, while in the 
MC68701 Mode 0 is also used to program the onboard 
EPROM and has interrupt 
vectors at SBFFO-SBFFF 
rather than SFFFO-SFFFF. 
(21 The MC68701 RAM/EPROM Control Register has two 
bits used to control the EPROM in Mode 0 that are not 
defined in the MC6801 RAM Control Register. 


131The RESETIVpp 
pin in the MC68701 is dual purpose, 
used to supply EPROM power as well as to reset the 
device; while in the MC6801 the pin is called RESET 
and is used only to reset the device. 


~ 
A 
aU 


7 


~ 
. 


B 
8-81t Accumulators 
A and 8 
15- -- 
-- 
--- 
- 
D -- 
-- 
-- 
- 
- - 
(} Dr 16-B.tDoubleAccumulatorD 


01 Index 
Register 
()() 


Carry/Borrowfrom MSB 
Ovprflow 


Zero 


Negative 


Interrupt 
Half Carry (From Bit 3) 


• 
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Instruction 
Description 


ABX 
Unsigned 
additIon 
of Accumulator 
B to Index Register 


ADDD 
Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 


ASLD 
or LSLD Shifts 
the double 
accumulator 
left (towards 
MSB) 
one bit. the LSB IS cleared 
and the MSB 
IS shifted 
Into the C-blt 


BHS 
Branch 
.f Higher 
or Same. 
unsigned 
conditional 
branch 
(same 
as Bee) 


BLO 
Branch 
If Lower; 
Unsigned 
condItional 
branch (same 
as BCS) 


BRN 
Branch 
Never 


JSR 
Additional 
addressing 
mode· direct 


LDD 
Loads double 
accumulator 
from 
mf'mory 


LSL 
Shifts memory 
or accumulator 
left (towards 
MSB) one bit, the lSB IS cleared 
and the MSB 
IS shtfted Into the C-blt (same as 
ASLI 


LSRD 
Shifts 
the double 
accumulator 
nght (towards 
LSB) one bit; the MSB 
is cleared 
and the LSB 
IS shifted 
into the C-blt 


MUL 
Unsigned 
multiply; 
multiplies 
the two accumulators 
and leaves 
the product In the double 
accumulator 


PSHX 
Pushes 
the Index Register 
to stack 


PULX 
Pulls the Index Register 
from stack 


STD 
Stores 
the double 
accumulator 
to memory 


SUBD 
Subtracts 
memory 
from the double 
accumulator 
and leaves 
the difference 
In the double 
accumulator 


CPX 
Internal 
processing 
modified 
to permit 
Its use with 
any conditional 
branch 
Instruction 


The MCU provides eight different operating modes which 
are selectable by hardware programming and referred to as 
Mode 0 through Mode 7. The operating mode controls the 
memory map, configuration of Port 3, Port 4, SC1, SC2, and 
the physical location of interrupt vectors. 


FUNDAMENTAL 
MODES 


The eight MCU modes can be grouped into three fun- 


damental modes which refer to the type of bus it supports: 
Single 
Chip, 
Expanded Non-Multiplexed, 
and 
Expanded 
Multiplexed. Modes 4 and 7 are single chip modes. Mode 5 is 
the expanded 
non-multiplexed 
mode, and the remaining 
modes are expanded 
multiplexed 
modes. 
Table 2 sum- 


marizes the characteristics of the operating modes. 


Single-Chip Modes (4, 7) 


In the Single-Chip Mode, the four MCU ports are con- 


figured 
as parallel input/output 
data ports, as shown 
in 
Figure 9. The MCU functions 
as a monolithic 
microcom- 


puter in these two modes without 
external address or data 


buses. A maximum of 29 I/O lines and two Port 3 control 
lines are provided. Peripherals or another MCU can be inter- 
faced to Port 3 in a loosely coupled dual processor configura- 
tion, as shown in Figure 10. 


In Single-Chip 
Test Mode 
141, the RAM 
responds to 
$XX80 through $XXFF and the EPROM is removed from the 
internal address map. A test program must first be loaded in- 
to the RAM using modes 0, 1, 2, or 6. If the MCU is reset 
and then programmed into Mode 4, execution will begin at 
$XXFE:XXFF. Mode 5 can be irreversibly entered from Mode 
4 without asserting RESET by setting bit 5 of the Port 2 Data 
Register. This mode is used primarily to test Ports 3 and 4 in 
the Single-Chip and Non-Multiplexed 
Modes. 


Common to all Modes: 


Reserved Register Area 
Port 1 
Port 2 
Programmable Timer 
Serial Communications Interface 


Single Chip Mode 7 
128 bytes of RAM; 2048 bytes of EPROM 
Port 3 is a parallel I/O port with two control lines 
Port 4 is a parallel I/O port 
SCl is Input Strobe 3 IIS31 
SC2 is Output Strobe 3 IOS31 


Expanded Non-Multiplexed 
Mode 5 


128 bytes of RAM; 2048 bytes of EPROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/ address bus 
SCl is Input/Output 
Select (lOSI 
SC2 IS Read/Write 
IR/WI 


Expanded Multiplexed Modes 1, 2, 3, 6 


Four memory space options 164Kaddress spacel: 
111No internal RAM or EPROM (Mode 31 
121Internal RAM, no EPROM IMode 21 
131Internal RAM and EPROM (Mode 11 
141Internal 
RAM, 
EPROM with 
partial 
address bus 
IMode 61 
Port 3 is a multiplexed address/ data bus 
Port 4 is an address bus linputs/address 
in Mode 61 


SC1 is Address Strobe IASI 
SC2 IS Read/Write 
IR/VVI 


Test Mode 4 


111May be changed to Mode 5 without 
going through 
Reset 
121May be used to test Ports 3 and 4 as I/O ports 


Expanded Multiplexed Mode 0 


III Internal RAM and EPROM 
121External interrupt vectors located at $BFFO-$BFFF 
131Used to program EPROM 


Port 1 
Port 1 
Port 1 
Port 3 
8 I/O 
81/0 


8 I/O 
Lines 
8 I/O 
Lines 
Lines 
Lines 


iS3 
~ 
Port 2 


Port 4 
Port 4 
5 I/O 
Lines 


8 I/O 
Lines 
Port 2 
8 I/O 
5 I/O Lines 
5CI 
Lmes 
Senall/O 
16-BII 
TImer 
~ 
16-811 Timer 
-= 


vss 
vss 
vss 


Port 2 
5 I/O 
Lines 


Senall/O 


16-BIt 
Timer 


Port 3 
8 Dala 
Lines 


R/W 


105 


Port 4 
To 8 
Address 
Lines 


I 
~ 
XTAll 
POrt 3 
8 
- 


PunA 
8 / 


L:::...- EXTAL2 
I~ 
/ 


andby--. 
R/W 


T_ 
MC68701/ 
E 


NMI_ 
MC6801 
IROI_ 


..•. 
..•. 


... 
r 
~ 


"" 
~ 
VSS 
RAM 
PiA 
ACIA 


(DO 071 
,AO A71 
iDS 
R/W 
E 


PorI 
2 
5 I/O 
SCI 


Timer 


• 
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Expanded Non-Multiplexed 
Mode (5) 


A modest amount of external memory space is provided in 
the Expanded Non-Multiplexed 
Mode while significant 
on- 
chip 
resources 
are retained. 
Port 3 functions 
as an 8-bit 
bidirectional 
data bus and Port 4 is configured 
initially as an 
input 
data 
port. 
Any 
combination 
of 
the 
eight 
least- 
significant 
address lines may be obtained 
by writing 
to the 
Port 4 Data 
Direction 
Register. 
Stated 
alternatively, 
any 


combination 
of AO to A7 may be provided while retaining the 
remainder as input data lines. Internal pullup resistors are in- 
tended 
to pull the Port 4 lines high until the port is con- 


figured. 
Figure 11 illustrates a typical system configuration 
in the 
Expanded 
Non-Multiplexed 
Mode. 
The 
MCU 
interfaces 
directly with M6800 family parts and can access 256 bytes of 
external address space at $100 through 
$lFF. 
10S provides 
an address decode of external memory ($100-$1FFI and can 
be used as a memory page select or chip select line. 


Expanded-Multiplexed 
Modes (0, 1, 2, 3, 6) 


In the Expanded-Multiplexed 
Modes, 
the MCU 
has the 
ability to access a 64K byte memory space. Port 3 functions 
as a time multiplexed address! data bus with address valid on 
the negative edge of Address 
Strobe 
(AS), 
and data valid 
while E is high. In Modes 0 to 3, Port 4 provides address lines 
A8 to A 15. In Mode 6, however, 
Port 4 is initially confi~ured 
at RESET as an input data port. The Port 4 Data Direction 
Register can then be changed to provide any combination 
of 
address lines, A8 to A15. Stated alternatively, 
any subset of 
A8 to A 15 can be provided while retaining the remaining Port 
4 lines as input data lines. Internal pullup resistors pull the 
Port 4 lines high until software 
configures 
the port. 


Figure 12 depicts a typical configuration 
for the Expanded- 
Multiplexed 
Modes. Address Strobe can be used to control a 
transparent 
D-type latch to capture addresses AO to A7, as 


shown in Figure 13. This allows Port 3 to function 
as a Data 


Bus when E is high. 


In Mode 0, the internal and external data buses are con- 


nected; there must therefore 
be no memory map overlap in 
order to avoid potential bus conflicts. 
Mode 0 is used to pro- 


gram the onboard EPROM. All interrupt 
vectors are external 
in this mode and are located at $BFFO-$BFFF. 


PROGRAMMING 
THE MODE 


The operating mode is determined at RESET by the levels 


asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control 
register on the 
positive edge of RESET. The operating 
mode may be read 
from the Port 2 Data Register as shown below, and program- 
ming levels and timing must be met as shown in Figure 14. A 
brief outline of the operating 
modes is shown in Table 3. 


PORT 2 DATA 
REGISTER 
5 
4 
3 
2 
1 
0 


Circuitry to provide the programming 
levels is dependent 
primarily 
on the normal system usage of the three pins. If 
configured 
as outputs, 
the circuit shown in Figure 15 may be 


used; otherwise, 
three-state 
buffers can be used to provide 
isolation while programming 
the mode. 


MEMORY MAPS 
The 
MCU 
can provide 
up to 
64K byte 
address 
space 
depending on the operating mode. A memory map for each 
operating mode is shown in Figure 16. The first 32 locations 
of each map are reserved for the MCU 'internal registers as 
shown in Table 4, with exceptions 
as indicated. 


P22 
P21 
P20 
EPROM 
Interrupt 
Bus 
Operating 
Mode 
PC2 
PCl 
PCO 
RAM 
Vectors 
Mode 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single Chip 


6 
H 
H 
L 
I 
I 
I 
MUX15.61 
MultIplexed/Partial 
Decode 


5 
H 
L 
H 
I 
I 
I 
NMUx15.61 
Non-MultIplexed/Partial 
Decode 


4 
H 
L 
L 
1'21 
1(1) 
I 
I 
Smgle 
Chip Test 


3 
L 
H 
H 
E 
E 
E 
MUxI41 
MulliplexedlNo RAM or EPROM 


2 
L 
H 
L 
E 
I 
E 
MUXI41 
Multiplexed/RAM 


1 
L 
L 
H 
I 
I 
E 
MUxI41 
Multiplexed! RAM and EPROM 


0 
L 
L 
L 
I 
I 
~31 
I 
MUxI41 
M ultiplexedl 
Programming 


Legend 
I - 
Internal 
E - 
External 
MUX - 
Multiplexed 
NMUX 
- 
Non-Multiplexed 
L - 
LogiC "0" 


H - 
LogiC "1" 


Notes 


(1) Internal 
RAM 
IS addressed at $XX80 
121Internal EPROMis disabled 
131Interrupt vectors located at SBFFQ-SBFFF 
(4) Addresses 
associated 
WIth Ports 3 and 4 are conSIdered 
external 
In Modes 
O. 


'. 
2. and 3 
(5) Addresses assOCiated With Port 3 are conSidered external In Modes 5 and 6 
(6) Port 4 default 
IS user data input. address output IS optional by writing to Port 4 
Data DirectIon Register 


Vcc 
Standby 


RESET 
NMI 
iRQ1 


POrt 2 
51 0 
sel 
Timer 


POrl 
3 
B lanes 


Multiplexed 
Data 
Address 
RW 


Addres!> 
Bus 


IAO 
A151 


A/W 


Pon 3 
J 


Address/ Data 1 


Port 2 


51;0 lanes 


Serial I 0 
16·BII 
Timer 


Pon 4 
8 lines 


Address 
Bus 


I 
I 


G 
DC 
0, 
0, 


74LS373 
/Typical) 


08 
08 
}_." "., 


) "" 0." 


• 


See Figure 16 


for Diode Arrangement 
~VMPDD 


~ 


"..-- 
VMPL 
1P20,P21, P221" 
Mode Latch 


R"E'ID 
- 
- - - -: 
Level 
VMPH Min 


VMPL Max 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Mode Programming 
Input Voltage 
Low 
VMPL 
- 
- 
1.8 
V 


Mode Programming 
Input Voltage 
High 
VMPH 
4.0 
- 
- 
V 


Mode Programming 
Diode Differential 
VMPDD 
0.6 
- 
- 
V 


RESETLow PulseWidth 
PWRSTL 
3.0 
- 
- 
E-Cycles 


Mode Programming 
Set-Up 
Time 
tMPS 
2.0 
- 
- 
E-Cycles 


Mode Programming 
Hold Time 


RESETRiseTime>: 1~s 
tMPH 
0 
- 
- 
ns 


RESETRiseTime< 1 ~s 
100 
- 
- 


--< ~ 


Rl 


< 


8 


P20IPCOI 
9 
P211PCli 


10 
P22IPC2) 
V 


MC68701 
Mode Control Switches 
R2 


D 
1 
D 


"Normal" 


S1 
~ 
6 
RESETlVpp 


VPP~ 
-~C 
" T 


Notes: 


1 Mode 0 as shown (switches closed). 
2. R1 = 10k ohms Itypicall. 
3. The RESET time constant is equal to RC where R is the equivalent parallel resistance of R2 and the number of resistors 1R1) 
placed in the circuit by closed mode control switches. 


4. D = 1N914, 1N4001 Itypical). 
5. If V = VCC, then R2= 50 ohms (typical) to meet VIH for the RESETlVpp 
pin. V = VCC is also compatible 
with MC6801. The 


RESET time constant 
in this case is appro~fTatelY 
R2·C. 
6. Switch 
S1 allows selection of normal IRE 
E ) or programming 
IVpp) as the input to the RESETlVpp 
pin. During swit- 
ching, 
the input level is held at a value determined 
by a diode IOJ, resistor IR2) and input voltage (V!. 


7. While S1 is in the "Program" 
pOSition, RESET should not be asserted. 
8. From powerup, 
RESET must be held low for at leasttRe. 
The capacitor, 
C, is shown for conceptual 
purposes only and is 
on the order of 1000 I'F for the circuit shown. Typically, a buffer with an RC input will be used to drive RESET, eliminating 
the need for the larger capacitor. 


9. Diode Vf should not exceed VMPDD 
min. 


Notes: 
1) Excludes 
the following 
addresses 
which 
may 
be used externally: 
$04. $05. $06. $07 and $OF. 


2) 
There must be no overlapping of internal and 
external memory spaces to avoid driving the 
data bus with more than one device. 


31 This mode 
is used to program 
the onboard 
EPROM. 


Notes 
1) Excludes the following 
addressE:s which 
may 
be used 
externally 
S04, $05, 
$06, 
S07 and 


SOF 


21 
Internal 
EPROM addresses 
SFFFO to $FFFF are 
nOl usable 


SFFEF 


SFFFO 


SFFFF 


$FFFO 


SFFFF 


2 


Notes 
1) Excludes the followIng 
addresses 
whIch 
may 
be used 
externally 
S04. 
$05, 
$06. 
$07. 
and 


$OF 


• 


3 


SFFFO 


SFFFF 


Notes: 


1) 
Excludes 
the following 
addresses 
whIch 
may be 
used externally: 
S04. S05. SOO.S07 and SOF 


4 


Notes: 


I) 
The internal 
EPROM is disabled. 


2) 
Mode 4 may be changed to Mode 5 without hav- 
Ing to assert 
RESET 
by writing 
a "1" Into 
the 
pea bit of Port 2 Data 
Register 


3) 
Addresses 
AS 
to 
A 15 
are 
treated 
as 
"don't 


cares" to decode Internal RAM. 


41 Internal 
RAM will appear at SXX80 to SXXFF. 


51 MCU read of the Port 3 Data Direction 
Register 


will access the Port 3 Data 
Register. 


• 


5 


Non-Multlplexedl 
Partial Decode 


SOOOOIII 


SOOIF~lnternal 
Reg,sters 
;. 
::::,:::",'- 


SOIFFT 


Unusable 


Notes: 


1) 
Excludes the following 
addresses 
which may NOT 


be used externally: 
S04. SOO.and SOF INo 1051. 


2) 
This 
mode 
may 
be 
entered 
without 
gOing 
through 
RESET by 
uSing 
Mode 
4 and 
subse- 


quently 
writing 
a "1" 
Into the pea bit of Port 2 
Data 
Register. 


3) 
Address 
hnes AO to A 7 will not contain 
addresses 
until the Data Direction 
Register for Port 4 has 


been written 
with ""s" in the appropriate 
bits. 


These 
address 
lines will assert 
"l's" 
until made 


outputs 
by Writing 
the Data 
Direction 
Register. 


6 


Notes: 
1) 
Excludes the following 
addresses 
which 
may be 
used 
externally: 
$04. 
$06. 
$OF. 


2) Address 
lines A8·A 15 will 
not contain 
addresses 
until 
the Data Direction 
Register 
for 
Port 4 has been written with "l's" 
in the 
appropriate 
bits. These address lines will 
assert "1 '5" 
until made outputs by writing the 
Data Direction 
Register. 


7 


Single 
Chip 


$OOOO~ 
Internal 
Registers! 1) 
$001F 


$0080 
~unusable 


Internal 
RAM 


$OOFF 


Unusable 
• 


Note: 


1) 
MCU 
read of the Port 3 Data Direction 
Register 
will access the Port 3 Data Register. 


Register 
Address 


Port 
1 Data Direction 
Register· *. 
00 
Port 2 Data Direction 
Register·· 
* 
01 
Port 1 Data RegIster 
02 
Port 2 Data Register 
03 


Port 3 Data Direction 
Register· 
* * 
04* 


Port 4 Data Direction 
Register· 
* * 
05* * 
Port 3 Data Register 
06* 
Port 4 Data Register 
07* * 


Timer Control and Status Register 
08 
Counter (High Byte) 
09 
Counter (Low Byte) 
OA 
Output Comparl? Register (High Byte) 
08 


Register 
Address 


Output Compare Register (Low Byte) 
OC 
Input Cap~ure Register (High Byte) 
00 
Input Capture Register (Low Byte) 
OE 
Port 3 Control and Status Reglsler 
OF* 


Rate and Mode Control Register 
10 
Transmlt/Rece 
•••/e Control and Status Register 
11 
Receive Data Register 
12 
Transmit Data Register 
13 


RAM/EPROM 
Control 
Register 
14 
Reserved 
15·1F 


* External addresses in Modes 0, 1,2,3,5,6; 
cannot be accessed in Mode 5 (No ~I 


* * External addresses in Modes 0, 1, 2, 3 


* * *1 = output, 0= Input 
···1 = Output, a = Input 


• 


The 
MCU 
supports 
two 
types 
of 
interrupt 
requests: 


maskable 
and 
non-maskable. 
A 
Non-Maskable 
Interrupt 
(NMII 
is always recognized and acted upon at the comple- 
tion of the current instruction. 
Maskable interrupts 
are con- 
trolled 
by the Condition 
Code Register's 
I-bit and by in- 


dividual 
enable bits. 
The I-bit controls 
all maskable 
inter- 


rupts. Of the maskable interrupts, 
there are two types: IRQ1 
and IRQ2. The Programmable Timer and Serial Communica- 
tions Interface use an internal 
IRQ2 interrupt 
line. External 


devices land IS3) use IRQ1 
An IRQl 
interrupt 
is serviced 
before IRQ2 if both are pending. 


All IRQ2 interrupts 
use hardware prioritized 
vectors. 
The 
single SCI interrupt and three timer interrupts are-serviced in 
a prioritized 
order and each is vectored 
to a separate loca- 
tion. All MCU interrupt 
vector locations are shown in Table 
5. 


Medea 
Mod•• 1-7 
MSB 
LSB 
MSB 
LSB 
Interrupt 
BFFE 
BFFF 
FFFE 
FFFF 
RESET 
BFFC 
BFFD 
FFFC 
FFFD 
NMI 
BFFA 
BFFB 
FFFA 
FFFB 
Software 
Interrupt 
(SWIl 


BFFB 
BFF9 
FFFB 
FFF9 
TRCl1lorIS3I 
BFF6 
BFF7 
FFr6 
FFF7 
ICF Iinput Capturel' 
BFF4 
BFF5 
FFF4 
FFF5 
OCF (Output Compare)' 
BFF2 
BFF3 
FFF2 
FFF3 
TOF (Timer Overflow)' 
BFFO 
BFFI 
FFFO 
FFFI 
SCIIRDRF+ORFE+TORE)' 
* IRQ2 Interrupt 


The Interrupt 
flowchart 
is depicted 
in Figure 17 and is 


common to every MCU interrupt 
excluding 
reset. During in- 
terrupt servicing the Program Counter, Index Register, A Ac- 
cumulator, 
B Accumulator, 
and Condition Code Register are 
pushed to the stack. The I-bit is set to inhibit maskable inter- 
rupts and a vector is fetched 
corresponding 
to the current 
highest 
priority 
interrupt. 
The vector 
is transferred 
to the 
Program Counter and instruction 
execution 
is resumed. In- 


terrupt and RESET timing are illustrated in Figures 18 and 19. 


VCC AND VSS 


VCC and V SS provide 
power to a large portion 
of the 
MCU. The power supply should provide +5volts 
1±5%) 
to 
VCc. 
and 
VSS 
should 
be tied 
to 
ground. 
Total 
power 
dissipation 
(including 
VCC Standby), 
will 
not exceed 
Po 
milliwatts. 


VCC STANDBY 
VCC Standby 
provides power to the standby 
portion 
($80 
through 
$BF) of the RAM and the STBY PWR and RAME 
bits of the RAM Control Register. Voltage requirements de- 
pend on whether 
the MCU is in a powerup 
or powerdown 
state. In the powerup state, the power supply should provide 
+ 5 volts 1± 5%) and must reach VSB volts before RESET 
reaches 4.0 volts. 
During 
powerdown, 
VCC Standby 
must 
remain above VSBB Imin) to sustain the standby RAM and 
STBY PWR bit. While in powerdown 
operation, 
the standby 
current will not exceed ISBB. 


It is typical to power both VCC and VCC Standby from the 
same source during normal operation. 
A diode must be used 
between 
them to prevent supplying 
power to VCC during 


powerdown 
operation. 
VCC Standby 
should 
be tied 
to 
ground 
in Mode 3. 


XTAL1 AND EXTAL2 


These two input pins interface either a crystal or TTL com- 
patible clock to the M CU internal clock generator. 
Divide-by- 


four circuitry is included which allows use of the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV crystals. 
A 20 pF 
capacitor 
should be tied from each crystal pin to ground 
to 
ensure reliable startup and operation. 
Alternatively, 
EXTAL2 
may be driven by an external TTL compatible 
clock at 4fo 
with a duty cycle of 50% I ± 5%) with XT AL 1 connected 
to 


ground. 


The internal oscillator is designed to interface with an AT- 


cut quartz crystal resonator 
operated 
in parallel resonance 
mode 
in the 
frequency 
range 
specified 
for 
fXT AL. 
The 
crystal should be mounted as close as possible to the input 
pins to minimize output 
distortion 
and startup 
stabilization 
time.·· 
The MCU 
is compatible 
with 
most 
commercially 


available crystals. 
Nominal crystal parameters are shown in 
Figure 20. 


RESETlVpp 


This input is used to reset the MCU internal state and pro- 


vide an orderly startup procedure. 
During powerup, 
RESET 
must be held below 0.4 volts: 
(1) at least tRC after VCC 
reaches 4.75 volts in order to provide sufficient 
time for the 
clock 
generator 
to 
stabilize, 
and 
12) until 
VCC Standby 
reaches VSB volts. 
RESET must be held low at least three 


E-cycles if asserted during powerup 
operation. 


This pin is also used to supply Vpp in Mode 0 for program- 
ming 
the 
EPROM, 
and supplies 
operating 
power 
to 
the 


EPROM during powerup 
operation. 


E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible 
and is the slightly skewed divide- 


by-four result of the MCU input clock frequency. 
It will drive 
one Schottky TTL load and 90 pF, and all data given in cycles 
is referenced to this clock unless otherwise 
noted. 


NMI (NON-MASKABLE 
INTERRUPT) 


An 
NMI 
negative 
edge requests 
an MCU 
interrupt 
se- 
quence, but the current instruction 
will be completed 
before 


it responds to the request. The MCU will then begin an inter- 
rupt sequence. 
Finally, a vector is fetched 
from $FFFC and 
$FFFD (or $BFFC and $BFFD in Mode Ol, transferred 
to the 
Program Counter and instruction 
execution 
is resumed. NMI 


typically requires a 3.3 kG Inominall 
resistor to VCC. There is 
no internal NMI pull up resistor. NMI must be held low for at 
least one E-cycle to be recognized under all conditions. 


IRQ1 IMASKABLE 
INTERRUPT REQUEST 1) 


IRQ1 is a level-sensitive 
input which 
can be used to re- 


quest an interrupt sequence. The MPU will complete the cur- 
rent instruction 
before it responds to the request. If the inter- 


Mode 0 


BFFC-BFFD 


BFFA-BFFB 


BFFB-BFF9 


BFF6-BFF7 


BFF4-BFF5 


BFF2-BFF3 


BFFO-BFFl 


Vector-PC 


Modes 
1-7 


FFFC-FFFD 
Non-Maskable 
Interrupt 


FFFA-FFFB 
Software 
Interrupt 


FFFB-FFF9 
Maskable 
Interrupt 
Request 
1 


FFF6-FFF7 
Input 
Capture 
Interrupt 


FFF4-FFF5 
Output 
Compare 
Interrupt 


FFF2-FFF3 
Timer 
Overflow 
Interrupt 


FFFO-FFFl 
SCI Interrupt 


• 


• 


FIGURE 18 - 
INTERRUPT SEQUENCE 


Last Instructlon-..J 


Cycle 


1_#4 
I 
I 
I 
I 
I 
I 
#, 
#2 
#3 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 


Internal 


Address Bus 


IRQ' 
-+l 
k-tpcs 


NMIor IRQ2 
\ 


-+ll+-tpcs 


Internal 
Data Bus 
Op Code Op Code 
PC0-7 
PC8-'5 
X0-7 
X 8-15 
ACCA 
ACC8 
CCR 
Irrelevant 
Vector 
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First lnst. of 
Data 
MSB 
LSB 
Interrupt 
Routme 


Internal R/W 
\ 
/ 
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rupt mask bit II-bitl in the Condition Code Register is clear, 
the MCU will begin an interrupt sequence. A vector is fetch- 
ed from SFFF8and SFFF9(or SBFF8and SBFF9in Mode 0), 
transferred to the Program Counter, and instruction execu- 


tion 
is resumed. 


IRQl 
typically 
requires an external 
3.3 kO (nominal 1 


resistor to VCC for wire-OR applications. IRQl has no inter- 
nal pullup resistor. 


sel 
AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SCl and SC2 depends on the operating 
mode. SCl is configured as an output in all modes except 
single chip mode, whereas SC2 is always an output. 
SCl 
and SC2 can drive one Schottky load and 90 pF. 


SCl and SC2 In Single Chip Mode 


In Single Chip Mode, SCl and SC2 are configured as an 
input and output, 
respectively, and both function as Port 3 
control lines. SCl functions as IS3 and can be used to in- 
dicate that Port 3 input data is ready or output data has been 
accepted. Three options associated with iS3 are controlled 
by the Port 3 Control and Status Register and are discussed 
in the Port 3 description. If unused, iS3 can remain uncon- 
nected. 
SC2 is configured as OS3 and can be used to strobe out- 


put data or acknowledge input data. It is controlled by Out- 
put Strobe Select 10SSI in the Port 3 Control and Status 
Register. The strobe is generated by a read (OSS = 0) or 
write 10SS= 1) to the Port 3 Data Register. OS3 timing is 
shown in Figure 5. 


3.58 MHz 
4.00 MHz 
5.0 MHz 
6.0 MHz 
8.0 MHz 


RS 
600 
500 
30-50 0 
30-50 0 
20-40 0 


Co 
3.5 pF 
6.5 pF 
4.6 pF 
4-6 pF 
4.6 pF 


C1 
0.015 pF 
0.025 pF 
0.01-0.02 pF 
0.01-0.02 pF 
0.01-0.02 pF 
a 
>4Ok 
>3Ok 
>20 k 
>20 k 
>20 k 


NOTE 


TTL-compatlble 
OSCillatorsmay be 
obtamed from: 


Motorola 
Component 
Products 


Attn: Data Clock Sales 
2553 N. Edg,nton 
SI. 


Franklin Park. IL 60131 
Tel· 312-451-1000 
Telex: 433-0067 


I.' 


l, 


C, 
RS 


3 


Co 


EqUIvalent 
CirCUit 


_____ 
~-47-5-V 
--~ff~ 
--------- 
-' 
---10£ 
IRC 


OSCillator 


Slablllzallon 


Tlme.IRC 


• 


SCl And SC2 In Expanded Non-Multiplexed 
Mode 


In the Expanded Non-Multiplexed 
Mode, both SCl and 
SC2 are configured as outputs. SCl functions as Input/Out- 
put Select IIOSI and is asserted only when SOl00 through 
$01FF is sensed on the internal address bus. 


SC2 is configured as Read/Write 
and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


SCl And SC2 In Expanded Multiplexed Mode 


In the Expanded Multiplexed Modes, both SCl and SC2 
are configured as outputs. SCl functions as Address Strobe 
and can be used to demultiplex the eight least significant ad- 
dresses and the data bus. A latch controlled 
by Address 
Strobe captures address on the negative edge, as shown in 
Figure 15. 
SC2 is configured as Read/Write 
and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


PlO-P17 (PORT 1) 


Port 1 is a mode independent 8-bit I/O port with each line 
an input or output as defined by the Port 1 Data Direction 
Register. The TTL compatible three-state output buffers can 
drive one Schottky 
TTL load and 30 pF, Darlington tran- 
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 


remain 
unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent, 
5-bit, 
multipurpose 
I/O 
port. The voltage levels present on P20, P2l, and P22on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The Port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the Port 2 Data Direc- 
tion Register. The Port 2 Data Register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it will be tied to the timer Output Compare function and 
cannot be used to provide output 
from the Port 2 Data 
Register. 


Port 2 can also be used to provide an interface for the 
Serial Communications 
Interface and the timer Input Edge 
function. 
These configurations 
are described in the ap- 
propriate SCI and Timer sections of this publication. 
The Port 2 high-impedance, TTL compatible output buf- 


fers are capable of driving one Schottky TTL load and 30 pF 
or CMOS devices using external pullup resistors. 


P30-P37 (PORT 3) 


Port 3 can be configured as an I/O port, a bidirectional 
B-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky 
TTL load and 90 pF. 
Unused lines can remain unconnected. 


Port 3 In Single-Chip Mode 


Port 3 is an B-bit I/O port in the Single-Chip Mode, with 


each line configured by the Port 3 Data Direction Register. 
There are also two lines, 153and OS3, which can be used to 
control Port 3 data transfers. 


Three Port 3 options are controlled by the Port 3 Control 


and Status Register and are available only in Single-Chip 
Mode: 111Port 3 input data can be latched using IS3 as a 
control signal, 121OS3 can be generated by either an MPU 
read or write to the Port 3 Data Register, and (3) an IRQl in- 
terrupt can be enabled by an IS3 negative edge. Port 3 latch 
timing is shown in Figure 4. 


IS3 
IS3 
Latch 
Flag 
IRQl 
X 
OSS Enable 
X 
X 
X 
Enable 


Bit 0-2 


Bit 3 


Not used. 
LATCH ENABLE. This bit controls the 
input latch for Port 3. If set, input data 
is latched by an 153negative edge. The 
latch is transparent after a read of Port 
3 Data Register. LATCH ENABLE is 
cleared during reset. 


OSS (Output Strobe Selectl. This bit 
determines 
whether 
OS3 
will 
be 
generated by a read or write of the Port 
3 
Data 
Register. 
When 
clear, 
the 
strobe is generated by a read; when 
set, it is generated by a write. OSS is 
cleared during reset. 


Not used. 
IS3 IRQl ENABLE. When set, an IRQl 
interrupt will be enabled whenever 153 
FLAG is set; when clear, the interrupt 
is inhibited. 
This bit is cleared during 
reset. 
IS3 FLAG. This read-only status bit is 
set by an IS3 negative 
edge. 
It is 
cleared by a read of the Port 3 Control 
and Status Register (with 
IS3 FLAG 
setl followed by a read or write to the 
Port 3 Data Register or during reset. 


Bit 5 
Bit 6 


Port 3 In Expanded Non-Multiplexed 
Mode 


Port 3 is configured as a bidirectional data bus tD7-DOl in 


the Expanded Non-Multiplexed 
Mode. The direction of data 
transfers is controlled by Read/Write ISC2!. Data is clocked 
by E 1Enable!. 


Port 3 In Expanded Multiplexed Mode 


Port 3 is configured as a time multiplexed address IAO-A71 
and data bus ID7-DOI in the Expanded Multiplexed 
Modes 
where Address Strobe (AS) can be used to demultiplex the 
two buses. Port 3 is held in a high impedance state between 
valid address and data to prevent potentional bus conflicts. 


• 


it is assumed that Vpp is applied to the RESETIVpp 
pin 
whenever PPC is clear. If this is not the case, the result is 
undefined. 


ERASING THE MC68701 EPROM 


Ultraviolet erasure will clear all bits of the EPROM to the 
"0" 
state. Note that this erased state differs from that of 
some other widely used EPROMs Isuch as the MCM68708) 
where the erased state is a "1". 
The MC68701 EPROM is 
programmed by erasing it to "O's" and entering "1's" 
into 
the desired bit locations. 
The MC68701 EPROM can be erased by exposure to high 
Intensity ultraviolet light with a wave length of 2537A for a 
minimum of 30 minutes. The recommended integrated dose 
IUV intensity X exposure time) is 15 Ws/cm. 
The lamps 
should be used without shortwave filters and the MC68701 
should be positioned about one inch away from the UV 
tubes. 
The MC68701 transparent lid should always be covered 
after erasing. This protects 
both the EPROM and light- 
sensitive nodes from accidental exposure to ultraviolet light. 


PROGRAMMING THE MC68701 EPROM 


When the MC68701 is released from Reset in Mode 0, a 
vector is fetched from location SBFFE:BFFF.This provides a 
method for an external program to obtain control of the 
microcomputer with access to every location in the EPROM. 
To program the EPROM, it is necessary to operate the 
MC68701 in Mode 0 under the control of a program resident 
in external memory which can facilitate loading and pro- 
gramming of the EPROM. After the pattern has been loaded 
into external memory, the EPROM can be programmed as 
follows: 


a. 
Apply programming power IVpp) to the RESETIVpp 
pin. 


b. 
Clear the PLC control bit and set the PPC bit by 
writing SFEto the RAM/EPROM Control Register. 


c. 
Write data to the next EPROM location to be pro- 
grammed. 
Triggered 
by 
an 
MPU 
write 
to 
the 
EPROM, internal latches capture both the EPROM 
address and the data byte. 


d. 
Clear the PPC bit for programming 
time, tpp, by 
writing 
SFC to the RAM/EPROM 
Control Register 
and waiting for time, tpp. This step gates the pro- 
gramming power IVpp) from the RESETlVpp pin to 
the EPROM which programs the location. 
e. 
Repeat steps b through d for each byte to be pro- 
grammed. 
f. 
Set the PLC and PPC bits by writing 
SFF to the 
RAM/EPROM control register. 


g. 
Remove the programming 
power IVpp) 
from the 
RESET/Vpp pin. The EPROM can now be read and 
verified. 


Because of the erased state of an EPROM byte is S00,it is 
not necessary to program a location which is to contain S00. 
Finally, it should be noted that the result of inadvertently 
programming a location more than once is the logical OR of 
the data patterns. 


A routine which can be used to program the MC68701 


EPROM is provided at the end of this publication. This non- 
reentrant routine requires four double byte variables named 
IMBEO, IMENO, PNTR, and WAIT to be initialized prior to 
entry to the routine. These variables indicate (a) the first and 
last memory locations which bound the data to be program- 
med into the EPROM, (b) the first EPROMlocation to be pro- 
grammed, 
and lel a number which 
is used to generate 
the programming time delay. The last variable, WAIT, takes 
into account 
the MCU input crystal lor TTL-compatible 
clock) frequency to insure the programming time, tpp, is 
met. WAIT is defined as the number of MPU E-cycles that 
will occur in the real-time EPROM programming 
interval, 
tpp. For example, if tpp ~ 50 milliseconds and the MC68701 
is being driven with a 4.00 MHz TTL-compatible clock: 
WAIT IMPU E-cycles)~ .tpp' IMCU INPUT FREO/)4.106 
. ~ 5OOJ014.1(6)/4. 
106 
~5OOJO 


NOTE 


A monitor 
program called PRObug'" 
is available from 
Motorola Microsystems. PRObug contains a user option for 
programming the on-board MC68701 EPROM. 


The Programmable Timer can be used to perform input 
waveform measurements while independently generating an 
output 
waveform. 
Pulse widths 
can vary 
from 
several 
microseconds to many seconds. A block diagram of the 
Timer is shown in Figure 21. 


COUNTER (SO!l:OA) 


The key timer element is a 16-bit free-running counter 
which is incremented by E IEnable!. It is cleared during reset 
and is read-only with one exception: a write to the counter 
IS09) will 
preset it to SFFF8. This feature, 
intended for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter contains all l's. 


OUTPUT COMPARE REGISTER ($OB:OC) 


The Output 
Compare Register is a 16-bit Read/Write 
register used to control an output waveform or provide an ar- 
bitrary timeout flag. It is compared with the free-running 
counter on each E-cycle. When a match occurs, OCF is set 
and OLVL is clocked to an output level register. If Port 2, bit 
1, is configured as an output, OLVL will appear at P21 and 
the 
Output 
Compare 
Register and OLVL 
can then 
be 
changed for the next compare. The function is inhibited for 
one cycle after a write to the high byte of the Compare 
Register ISOBIto ensure a valid compare. The Output Com- 
pare Register is set to SFFFFduring reset. 


INPUT CAPTURE REGISTER ($OD:OE) 


The Input Capture Register is a 16-bit read-only register 


used to store the free-running counter when a "proper" 
in- 
put transition occurs as defined by IEOG. Port 2, bit 0 should 
be configured as an input. but the edge detect circuit always 


P40-P47 (PORT 4) 


Port 4 is configured as an 8-bit I/O port, as address out- 
puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


Port 4 In Single Chip Mode 


In Single Chip Mode, Port 4 functions as an 8-bit I/O port 
with 
each line configured 
by the 
Port 4 Data Direction 
Register. Internal pullup resistors allow the port to directly in- 
terface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 


Port 4 in Expanded Non-Multiplexed 
Mode 


Port 4 is configured 
during reset as an 8-bit input port, 
where the Port 4 Data Direction Register can be written to 
provide any or all of eight address lines AO to A7. Internal 
pullup resistors pull the lines high until the Port 4 Data Direc- 
tion Register is configured. 


Port 4 In Expanded Multiplexed Mode 


In all Expanded Multiplexed modes except Mode 6, Port 4 
functions as half of the address bus and provides A8 to A 15. 
In Mode 6, the port is configured during reset as an 8-bit 
parallel input port, where the Port 4 Data Direction Register 
can be written to provide any or all of upper address lines A8 
to A 15. Internal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where bit 0 con- 
trols A8. 


RESIDENT 
MEMORY 


The MC68701 has 128 bytes of onboard RAM and 2048 
bytes of onboard UV erasable EPROM. This memory is con- 
trolled by four bits in the RAM/EPROM 
Control Register. 


One half of the RAM is powered through the VCC standby 
pin and is maintainable during VCC powerdown. This stand- 
by portion of the RAM consists of 64 bytes located from $80 
through $BF. 


Power must be supplied to VCC standby if the internal 
RAM is to be used, regardless of whether standby power 
operation is anticipated. In Mode 3, VCC standby should be 
tied to ground. 
The 
RAM 
is controlled 
by the 
RAM/EPROM 
Control 
Register. 


RAM/EPROM 
CONTROL REGiSTER ($14) 


The RAM/EPROM 
Control 
Register includes four bits: 
STBY PWR, RAME, PPC, and PLC. Two of these bits, 
STBY PWR and RAME, are used to control RAM access and 
determine the adequacy of the standby power source during 
power-down operation. It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down procedure. 
RAME and STBY PWR are Read/Write bits. 


The remaining two bits, PLC and PPC, control the opera- 
tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in Mode O.The PLC bit can be writ- 
ten without 
restriction in Mode 0, but operation of the PPC 
bit is controlled by the state of PLC. 
Associated with the EPROM are an 8-bit data latch and a 


16-bit address latch. The data latch is enabled at all times, 
latching each data byte written to the EPROM. The address 
latch is controlled by the PLC bit. 


A 
description 
of 
the 
RAM/EPROM 
Control 
Register 
follows. 


PLC. 
Programming 
Latch 
Control. 


This bit controls lal a latch which cap- 
tures the EPROM address to be pro- 
grammed and (b) whether the PPC bit 
can be cleared. The latch is triggered 
by an MPU write to a location in the 
EPROM. This bit is set during 
reset 
and can be cleared only in Mode O.The 
PLC bit is defined as follows: 


PLC = 0 
EPROM 
address 
latch 
enabled; 
EPROM address is latched 
during MPU writes to the EPROM. 


PLC= 1 EPROM address 
latch 
IS 
transparent. 


PPC. 
Programming 
Power 
Control. 


This 
bit 
gates 
power 
from 
the 
RESET/Vpp 
pin to the EPROM pro- 
gramming 
circuit. 
PPC is set during 
reset and whenever the PLC bit is set. 
It can be cleared only if (al operating in 
Mode 
0, and 
lb) 
if 
PLC has been 
previously 
cleared. 
The 
PPC bit 
is 
defined as follows: 


PPC = 0 
EPROM 
programming 
power IVpp) applied. 
PPC = 1 
EPROM 
programming 
power (Vpp) is not applied. 


Unused. 
RAM Enable. This Read/Write bit can 
be used to remove the entire RAM 
from the internal memory map. RAME 
is set (enabled) during reset provided 
standby 
power 
is available 'on 
the 
positive 
edge of 
reset. 
If RAME 
is 
clear, any access to a RAM address is 
external. 
If RAME is set and not in 
Mode 3, the RAM is included in the in- 
ternal map. 
Standby 
Power. This bit is a read/ 


write status bit which, when once set, 
remains set as long as VCC standby re- 
mains above 
VSBB 
(minimum!. 
As 
long as this bit is set following a period 
of 
standby 
operation, 
the 
standby 
power supply has adequately preserv- 
ed the data in the standby RAM. If this 
bit is cleared during a period of stand- 
by operation, 
it indicates 
that 
VCC 
standby 
had fallen to a level suffi- 


ciently 
below 
VSBB 
Iminimum) 
to 
suspect that data in the standby RAM 
is not valid. This bit can be set only by 
software 
and is not affected 
during 


reset. 


Bit 2-5 


Bit 6 RAME 


Note 
that 
if 
PPC and 
PLC are set, 
they 
cannot 
be 
simultaneously cleared with a single MPU write. The PLC bit 
must be cleared prior to attempting to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 


• 


Timer 


Control 


And 


Status 


Register 
S08 


senses P20 even when configured as an output. 
An input 
capture can occur independently of ICF: the register always 
contains the most current value. Counter transfer is in- 
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E-cycles to 
ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTER ($08) 


The Timer Control and Status Register ITCSR) is an B-bit 
register of which all bits are readable while bits 0-4 can be 
written. 
The three most significant 
bits provide the timer 
status and indicate if: 


• 
a proper level transition has been detected, 


• 
a match has occurred between the free-running 
counter and the output compare register, and 


• 
the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


Output 
Input 


Level 
Edge 


Bit 1 
Bit 0 
Pon 2 
Port 2 


Output level. OLVL is clocked to the 
output 
level register by a successful 


output compare and will appear at P21 
if Bit 1 of the Port 2 Data Direction 
Register is set. 
It is cleared during 
reset. 


Input 
Edge. IEDG is cleared during 


reset and controls which level transi- 
tion will trigger a counter transfer to 
the Input Capture Register: 


IEDG= 0 Transfer on a negative-edge 
IEDG= 1 Transfer on a positive-edge. 
Enable 
Timer 
Overflow 
Interrupt. 


When set, an IRQ2 interrupt is enabled 
for a timer overflow; 
when clear, the 
interrupt is inhibited. It is cleared dur- 
ing reset. 


Enable 
Output 
Compare 
Interrupt. 


When set, an IRQ2 interrupt is enabled 
for an output 
compare; when clear, 
the interrupt is inhibited. 
It is cleared 
during reset. 


Enable Input Capture Interrupt. When 
set, an IRQ2 interrupt is enabled for an 
input capture; when clear, the inter- 
rupt is inhibited. 
It is cleared during 


reset. 


• 


• 


Timer Overflow Flag. TOF is set when 
the 
counter 
contains 
all 
l's. 
It 
is 
cleared by reading the TCSR Iwith 
TOF setl then reading the counter high 
byte IS09I, or by RESET. 
Output 
Compare 
Flag. 
OCF is set 
when 
the Output 
Compare Register 
matches the free-running counter. It is 
cleared by reading the TCSR (with 
OCF setl and then writing to the Out- 
put Compare Register (SOBor SOCI,or 
by RESET. 


Input Capture Flag. ICF is set to in- 


dicate 
a 
proper 
level 
transition; 
it 
is 
cleared by reading the TCSR Iwith ICF 
set) 
and 
then 
the 
Input 
Capture 
Register 
High 
Byte 
(SODI, or 
by 
RESET. 


A full-duplex asynchronous Serial Communications Inter- 


face ISCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space 
(NRZI and Bi- 
phase and both provide one start bit, eight data bits, and one 
stop bit. "Baud" 
and "bit 
rate" are used synonymously in 
the following description. 


WAKE-UP FEATURE 


In a typical serial loop multi-processor configuration, 
the 
software protocol will usually identify the addresseels) at the 
beginning of the message. In order to permit uninterested 
MPU's to ignore the remainder of the message, a wake-up 
feature is included whereby all further SCI receiver flag land 
interrupt) processing can be inhibited until the data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive l's or during reset. Software must provide for 
the required idle string between consecutive messages and 
prevent it within messages. 


PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 


• 
format: standard mark/space (NRZI or Bi-phase 


• 
clock: external or internal bit rate clock 


• 
Baud : one of 4 per E-clock frequency, or ex- 
ternal clock (XB desired baud) 


• 
wake-up feature: enabled or disabled 
• 
interrupt 
requests: 
enabled 
individually 
for 
trans- 


mitter 
and 
receiver 


• 
clock output: 
internal bit rate clock enabled or dis- 


abled to P22 


SERIAL COMMUNICATIONS 
REGISTERS 
The Serial Communications 
Interface includes four ad- 
dressable registers as depicted in Figure 22. It is controlled 
by 
the 
Rate 
and 
Mode 
Control 
Register 
and 
the 


Transmit/Receive 
Control 
and 
Status 
Register. 
Data is 
transmitted 
and received utilizing 
a write-only 
Transmit 
Register and a read-only Receive Register. The shift registers 
are not accessible to software. 


Rate and Mode Control Register (RMCR) 1$10) 


The Rate and Mode Control Register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least significant 
bits control the bit rate of the internal clock and the remain- 
ing two bits control the format and clock source. 


43210 
X I CCl I CCOI SSl I SSOI S0010 


Bit 1:Bit 0 
SSl :SSO Speed Select. 
These two 
bits select the Baud rate when using 
the internal clock. Four rates may be 
selected which are a function 
of the 
MCU input frequency. Table 6 lists bit 
time and rates for three selected MCU 


frequencies. 


Bit 3:Bit 2 
CC1:CCO Clock Control and Format 
Select. These two bits control the for- 
mat and select the serial clock source. 
If CCl is set, the DDR value for P22 IS 
forced to the complement of CCOand 
cannot be altered until CCl is cleared. 
If CCl is cleared after having been set, 
its DDR value is unchanged. Table 7 
defines the formats, clock source, and 
use of P22. 


If both CCl and CCOare set, an external TTL compatible 
clock must be connected 
to P22 at eight times (aX) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% I ± 10%I. If CC1:CCO= 10, th~ internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


NOTE: The source of SCI internal bit rate clock is the timer 
free running counter. An MPU write to the counter 
can disturb serial operations. 


Transmit/Receive 
Control And Status Register 
(TRCSR) 1$11) 


The Transmit/Receive 
Control and Status Register con- 
trols the transmitter, receiver, wake-up feature, and two in- 
dividual interrupts and monitors the status of serial opera- 
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to S20by RESET. 


SS1:SS0 
410_ 
2.4576 
MHz 
4.0 MHz 
4.9152 
MHz 


E 
614.4 kHz 
1.0 MHz 
1.2288 MHz 


0 
0 
+16 
26 .5/38.400 
Baud 
16.5/62,500 
claud 
13.0.5176,800 
Baud 
0 
1 
+ 128 
208 .5/4,800 
Baud 
128 .s17B12 
3 Baud 
104.2 .5/9,800 
Baud 


1 
0 
+ 1024 
1.67 ms/8OO Baud 
1.024 ms/9,6.6 
Baud 
833.3.5/1,200 
Baud 


1 
1 
+4096 
6.67 ms/16O 
Baud 
4.096 ms/244.1 
Baud 
3.33 ms/300 
Baud 
External 
IP22J 
Up to 76,800 
Baud 
Up to 125,000 Baud 
Up to 153,800 Baud 


CC1:CCO 
Format 
Clock 
Source 
Port 2, Bit 2 


0 
0 
BI-Phase 
Internal 
Not Used 


0 
1 
NRZ 
Internal 
Not Used 


1 
0 
NRZ 
Internal 
Output 


1 
1 
NRZ 
External 
Input 
• 


Bit 7 
Rate 
and Mode 
Control 
RegIster 
e_t 
0 
I--------~ 
SlQ 


T, 


Bit 
12 


4 


• 


"Wake-up" 
on 
Idle Line. When 
set, 


WU enables the wake-up function; 
it is 
cleared by ten consecutive 
"s 
or dur- 
ing reset. WU will not set if the line is 
idle. 


Transmit 
Enable. When set, P24 DDR 
bit is set, cannot be changed, 
and will 
remain 
set 
if 
TE 
is 
subsequently 
cleared. 
When 
TE is changed 
from 
clear to 
set, 
the 
transmitter 
is con- 
nected to P24 and a preamble of nine 
consecutive 
l's is transmitted. 
TE is 
cleared during reset. 


Transmit 
Interrupt 
Enable. When set, 


an 
IRQ2 interrupt 
is enabled 
when 
TDRE is set; when clear, the interrupt 
is inhibited. 
TE is cleared during reset. 


Receive 
Enable. When 
set, 
the 
P23 
DDR bit is cleared, cannot 
be chang- 
ed, and will remain clear if RE is subse- 
quently 
cleared. While 
RE is set, the 
SCI receiver is enabled. 
RE is cleared 
during reset. 


Receiver Interrupt 
Enable. When 
set, 
an 
IRQ2 interrupt 
is enabled 
when 
RDRF and/or 
DRFE is set; when clear, 
the interrupt 
is inhibited. 
RIE is cleared 
during reset. 


Transmit 
Data Register Empty. TORE 
is set when the Transmit Data Register 
is transferred 
to the output 
serial shift 
register or during reset. It is cleared by 
reading the TRCSR 
(with 
TDRE set) 
and then writing 
to the Transmit 
Data 
Register. 
Additional 
data 
will 
be 
transmitted 
only 
if 
TOR E has been 
cleared. 


Overrun Framing Error. If set, ORFE in- 
dicates either an overrun or framing er- 
ror. An overrun is a new byte ready to 
transfer 
to the Receiver Data Register 
with RDRF still set. A receiver framing 
error 
has 
occurred 
when 
the 
byte 
boundaries 
of the bit stream are not 


synchronized 
to the bit counter. 
An 
overrun 
can be distinguished 
from 
a 
framing error by the state of RDRF: if 
RDRF is set, then an overrun has oc- 
curred; 
otherwise 
a framing 
error has 
been detected. 
Data is not transferred 
to 
the 
Receive 
Data 
Register 
in an 
overrun 
condition. 
Unframed 
data 
causing a framed error is transferred to 
the Receive Data Register. 
However, 
subsequent 
data 
transfer 
is blocked 
until the framing error flag is cleared.· 
ORFE is cleared by reading the TRCSR 
(with ORFE set) then the Receive Data 
Register, or during reset. 


Receive Data 
Register 
Full. 
RDRF is 
set when the input serial shift register 
is 
transferred 
to 
the 
Receive 
Data 
Register. 
It is cleared by reading the 
TRCSR (with RDRF set), and then the 
Receive Data Register, or during reset. 


SERIAL OPERATIONS 
The SCI is initialized 
by writing 
control 
bytes first to the 
Rate 
and 
Mode 
Control 
Register 
and 
then 
to 
the 
Transmit/Receive 
Control and Status Register. When TE is 
set, the output 
of the transmit 
serial shift 
register is con- 
nected to P24 and serial output 
is initiated by transmitting 
to 
9-bit preamble of "s. 
At this point one of two situations exist: 11if the Transmit 
Data Register is empty !TDRE = 11,a continuous 
string of 1's 
will be sent indicating 
an idle line, or 2) if a byte has been 
written 
to the Transmit-Data 
Register (TDRE=OI, 
it will be 
transferred 
to the output 
serial shift register (synchronized 
with the bit rate clock), TDRE will be set, and transmission 
will begin. 


The start bit (01,eight data bits (beginning with bit Q) and a 
stop bit (1), will be transmitted. 
If TDRE is still set when the 
next byte transfer should occur, 
1's will be sent until more 
data is provided. 
In B,-phase format, 
the output 
toggles at 
the start of each bit and at half-bit time when a "'" 
is sent. 


Receive operation 
is controlled 
by RE which configures 
P23 
as an input and enables the receiver. SCI data formats are il- 
lustrated in Figure 23. 


Bot 
Idle Start 
0 


Oala: 
01001101 
($401 


The MC68701 is upward source and object code compati- 
ble with the MC6800. Execution times of key instructions 
have been reduced and several new instructions have been 
added, Including a hardware multiply. A list of new opera- 
tions added to the MC6800 instruction 
set is shown 
in 


Table 1. In addition, two new special opcodes, 4E and 5E, 
are provided for test purposes. These opcodes force the pro- 
gram counter to increment like a 16-bit counter, causing ad- 
dress lines used in the expanded modes to increment until 
the device is reset. These opcodes have no mnemonics. 


The coding of the first lor only) byte corresponding to an 
executable instruction ISsufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
Instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 reserved for test purposes. 


PROGRAMMING 
MODEL 


A programming model for the MC68701 is shown in Figure 
9. Accumulator A can be concatenated with accumulator B 
and jointly referred to as accumulator D where A is the most 
significant byte. Any operation which modifies the double 
accumulator will also modify accumulator A and/or B. Other 
registers are defined as follows: 


Program Counter 
- 
The program counter 
IS a 16-bit 
register which always points to the next instruction. 


Stack Pointer 
- 
The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup 
(LIFO) queue. The stack resides in ran- 
dom access memory at a location defined by the program- 
mer. 


Index Register - 
The Index Register IS a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


Accumulators 
- 
The 
MCU 
contains 
two 
8-bit 
ac- 
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit IALU). They can also be 
concatenated and referred to as the D Idoublel accumulator. 


Condition Code Registers - 
The condition code register 
indicates the 
results of an instruction 
and includes the 
Overflow IV), Carry/Borrow 
from MSB IC), and Half Carry 
following 
five 
condition 
bits: 
Negative 
IN), 
lero 
Il), 


from bit 3 IHI. These bits are testable by the conditional 
branch instructions. 
Bit 4 is the interrupt mask II-bit) and in- 


hibits all maskable interrupts when set. The two unused bits, 
B6 and B7 are read as ones. 


ADDRESSING 
MODES 
The MC68701 provides six addressing modes which can be 


used to reference memory 
A summary of addressing modes 
for all instructions is presented in Tables 9, 10, 11, and 12 
where execution times are provided in E cycles. Instruction 
execution times are summarized in Table 13. With an input 
frequency 
of 4 MHz, 
E cycles are equivalent 
to micro- 
seconds. A cycle-by-cycle 
description 
of bus activity 
for 
each instruction is provided in Table 14 and a description of 
selected instructions is shown in Figure 24. 


Immediate Addressing 
- 
The operand or "Immediate 
bytels)" 
is contained in the following bytels) of the instruc- 
tion where the number of bytes matches the size of the 
register. These are two or three byte instructions. 


Direct Addressing 
- 
The least significant 
byte of the 
operand address is contained in the second byte of the in- 
struction and the most significant byte is assumed to be SOO. 
Dirp.ct addressing allows the user to access SOOthrough SFF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 
tions, the 256-byte area is reserved for frequently referenced 
data. 


Extended Addressing - 
The second and third bytes of the 
instruction 
contain the absolute address of the operand. 


These are three byte instrutions. 


Indexed Addressing - 
The unsigned offset contained in 
the second byte of the instruction is added with carry to the 
Index 
Register and 
used to 
reference 
memory 
without 
changing the Index Register. These are two byte instruc- 
t;ons. 


Inherent Addressing 
- 
The operandIs) are registers and 
no memory reference is required. These are single byte ;n- 


structions. 


Relative Addressing - 
Relative addressing is used only for 
branch instructions. If the bran<;hcondition is true, the Pro- 
gram Counter is overwritten with the sum of a signed single 
byte displacement in the second byte of the Instruction and 
the current Program Counter. This provides a branch range 
of -126 
to 129 bytes from the first byte of the instruction. 
These are two byte instructions. 


• 


• 


OP 
MNEM 
MODE 
- , OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 


00 
34 
DES 
INHER 
3 
1 •• 
ASL 
INOxa 
6 
2 
9C 
CPX 
DIR 
5 
2 
00 
SUBS 
OIR 
3 
2 
01 
NOP 
INHER 
2 
I 
3S 
TXS 
3 
I 
69 
ROL 


1 


6 
2 
90 
JSR 
~ 


5 
2 
01 
CMPB 
3 
2 


02 
36 
P$HA 
3 
I 
6A 
DEC 
6 
2 
9E 
LOS 
4 
2 
02 
S8CB 
3 
2 
03 
37 
P$HB 
3 
1 
6B 
9F 
STS 
DIR 
4 
2 
03 
ACOD 
5 
2 
04 
lSAD 
3 
I 
3B 
PULX 
5 
I 
6C 
INC 
6 
2 
AD 
SUBA 
INOXO 
4 
2 
D4 
AN08 
3 
2 
05 
A$LO 
3 
1 
39 
RTS 
5 
I 
60 
TST 
6 
2 
A1 
CMPA 
4 
2 
OS 
BIT8 
3 
2 


06 
TAP 
2 
1 
]A 
ABX 
3 
I 
6E 
JMP 
3 
2 
A2 
saCA 
4 
2 
06 
WAS 
3 
2 
07 
TPA 
2 
1 
3B 
RlI 
10 
1 
6F 
CLR 
lNDxD 
6 
2 
A3 
sueD 
6 
2 
07 
STAB 
3 
2 
'" 


INX 
3 
1 
3C 
P$HX 
4 
1 
70 
NEG 
EXTNQ 
6 
3 
A4 
ANDA 
4 
2 
os 
EORS 
3 
2 
09 
DEX 
3 
1 
3D 
MUL 
10 
1 
71 
A5 
BITA 
4 
2 
D9 
Aoee 
3 
2 
OA 
CLV 
2 
1 
3E 
WAI 
9 
1 
72 
A6 
lDAA 
4 
2 
DA 
DRAB 
3 
2 


DB 
SEV 
2 
1 
3F 
SWI 
12 
1 
73 
COM 
6 
3 
A7 
STAA 
4 
2 
DB 
ADOS 
, 
3 
2 


DC 
CLC 
2 
1 
40 
NEGA 
2 
1 
74 
LSR 
6 
3 
AS 
EORA 
4 
2 
DC 
LDD 
4 
2 
00 
SEC 
2 
I 
41 
75 . 
A9 
ACCA 
4 
2 
DO 
STD 
4 
2 
DE 
CLI 
2 
I 
42 
76 
ROR 
6 
3 
M 
DRAA 
4 
2 
DE 
LOX 
, 
2 
OF 
SEI 
2 
1 
'3 
COMA 
2 
I 
77 
ASR 
6 
3 
AB 
ADDA 
, 
2 
OF 
STX 
OIR 
, 
2 
10 
SBA 
2 
1 
44 
LSRA 
2 
I 
7B 
ASL 
6 
3 
AC 
CPX 
6 
2 
EO 
SUBS 
INoxa , 
2 
11 
CBA 
2 
1 
45 
79 
ROL 
6 
3 
AD 
JSR 
6 
2 
E1 
CMPB 
, 
2 
12 
46 
ROAA 
2 
I 
7A 
DEC 
6 
3 
AE 
LOS 
5 
2 
E2 
S8CB 
, 
2 
13 
47 
A$AA 
2 
1 
7B 
AF 
STS 
INoxa 
5 
2 
E3 
ACOD 
6 
2 


14 
46 
ASLA 
2 
I 
7C 
INC 
6 
3 
BO 
SUBA 
EXTND , 
3 
E4 
ANOB 
, 
2 


15 
'9 
ROLA 
2 
1 
70 
TST 
6 
3 
B1 
CMPA 
, 
3 
E5 
BIT8 
, 
2 


16 
TAB 
2 
1 
'A 
OECA 
2 
1 
7E 
JMP 
3 
3 
B2 
saCA 
, 
3 
E6 
LDAB 
, 
2 


17 
TBA 
2 
I 
'B . 
7F 
CLR 
EXTNO 
6 
3 
B3 
SUBD 
6 
3 
E7 
STAB 
4 
2 


lB 
'C 
INCA 
2 
1 
so 
SUBA 
IMMED 
2 
2 
B4 
ANDA 
, 
3 
EB 
EORB 
, 
2 
19 
OM 
INHER 
2 
I 
40 
TSlA 
2 
1 
Bl 
CMPA 
2 
2 
B5 
BITA 
, 
3 
E9 
ADee 
, 
2 
1A 
4E 
T 
B2 
saCA 
2 
2 
B6 
LDAA 
, 
3 
EA 
DRAB 
4 
2 
1B 
ABA 
INHER 
2 
I 
4F 
CLRA 
2 
1 
B3 
SUBD 
, 
3 
B7 
SUA 
, 
3 
EB 
ADDS 
, 
2 


1C . 
50 
NEGB 
2 
1 
B4 
ANOA 
2 
2 
BB 
EORA 
, 
3 
EC 
LDD 
5 
2 


10 
51 
B5 
BITA 
2 
2 
B9 
ACCA 
, 
3 
ED 
STO 
5 
2 


1E 
52 
B6 
LDAA 
2 
2 
BA 
QRAA 
, 
3 
EE 
LOX 
5 
2 


1F 
53 
COMB 
2 
1 
B7 
BB 
ADDA 
, 
3 
EF 
STX 
INOXQ 
5 
2 


20 
BRA 
REL 
3 
2 
54 
lSRB 
2 
1 
sa 
EORA 
2 
2 
BC 
CPX 
6 
3 
FO 
SUBS 
EXTND , 
3 
21 
BRN 
3 
2 
56 
B9 
ACCA 
2 
2 
BD 
JSR 
6 
3 
F1 
CMPB 
, 
3 
22 
BHI 
3 
2 
56 
RaRB 
2 
1 
BA 
DRAA 
2 
2 
BE 
LOS 
5 
3 
F2 
saCB 
, 
3 


23 
BLS 
3 
2 
57 
ASRB 
2 
1 
BB 
ADDA 
2 
2 
BF 
STS 
EXTND 
5 
3 
F3 
ACOD 
6 
3 
24 
BCC 
3 
2 
56 
ASLB 
2 
1 
BC 
CPX 
IMMED 
, 
3 
co 
sues 
IMMED 
2 
2 
F4 
AN08 
, 
3 


25 
BCS 
3 
2 
59 
ROL8 
2 
1 
BD 
BSR 
REL 
6 
2 
CI 
CMP8 
2 
2 
F5 
81T8 
, 
3 


26 
BNE 
3 
2 
5A 
OEC8 
2 
1 
BE 
LOS 
IMMEO 
3 
3 
C2 
S8C8 
2 
2 
F6 
LOA8 
, 
3 


27 
BED 
3 
2 
5B 
BF 
C3 
AD 00 
, 
3 
F7 
STA8 
, 
3 
2B 
BVC 
3 
2 
5C 
INC8 
2 
1 
90 
SUBA 
OIR 
3 
2 
C4 
AND8 
2 
2 
FB 
EOR8 
, 
3 
29 
BVS 
3 
2 
50 
TSTB 
2 
1 
91 
CMPA 
3 
2 
C5 
BITB 
2 
2 
F9 
ADC8 
4 
3 
2A 
BPL 
3 
2 
5E 
T 
92 
S8CA 
3 
2 
C6 
LDAB 
2 
2 
FA 
ORA8 
, 
3 
2B 
BMI 
3 
2 
5F 
CLA8 
INHER 
2 
1 
93 
SUBD 
5 
2 
C7 · 


FB 
ADD8 
, 
3 
2C 
BGE 
3 
2 
60 
NEG 
INDXD 
6 
2 
94 
ANDA 
3 
2 
CB 
EORB 
2 
2 
FC 
LDO 
5 
3 
20 
BLT 
3 
2 
61 


1 


95 
BITA 
3 
2 
C9 
ADCB 
2 
2 
FD 
STO 
5 
3 


2E 
BGT 
3 
2 
62 
96 
LDAA 
3 
2 
CA 
DRAB 
2 
2 
FE 
LOX 
5 
3 
2F 
BLE 
REL 
3 
2 
63 
COM 
6 
2 
97 
STAA 
3 
2 
CB 
ADDB 
2 
2 
FF 
STX 
EXTND 
5 
3 
:xl 
TSX 
INHEA 
3 
1 
64 
LSR 
6 
2 
9B 
EORA 
3 
2 
CC 
LOD 
3 
3 


31 
INS 


~ 


3 
1 
65 
99 
ADCA 
3 
2 
CD · 
* UNDEFINED 
OP 
CODE 


32 
PULA 
, 
1 
66 
ROR 
6 
2 
9A 
DRAA 
3 
2 
CE 
LOX 
IMMED 
3 
3 


33 
PUL8 
, 
1 
67 
ASR 
INOXO 
6 
2 
9B 
ADDA 
3 
2 
CF · 


NOTES: 


1. Addressing 
Modes 


INHER _Inherent 
INDXD _Indexed 
IMMED -Immediate 
REL - Relative 
EXTND _ Extended 
DIR _ Direct 


2. Unassigned opcodes are indicated by ..• .. and should not be executed. 
3. Codes marked by "T" 
force the PC to function as a 1(>--bitcounter. 


Condition Codes 


Immed 
Direct 
Index 
Extend 
Inherent 
Boolean! 
5 
4 
3 
2 
1 
0 


Pointer Operations 
MNEM Op - , Op - , Op - , Op - , Op - , 
Arithmetic Operation 
H 
I 
N 
2 
V 
C 


Compare 
Index 
Register 
CPX 
8C 
4 
3 
9C 5 
2 
AC 6 
2 
8C 
6 
3 
X-M:M+l 
· · I I I I 


Decrement 
Index 
Register 
OEX 
09 
3 
1 
X-l-X 
· · · I · · 
Decrement 
Stack 
Pointer 
DES 
34 
3 
1 
SP 
I-SP 
· · · · · · 
Increment 
Index 
Register 
INX 
08 
3 
1 
X+l-X 
· · · I · · 


Increment 
Stack 
Pointer 
INS 
31 
3 
1 
lSP+l-$P 
· · · · · · 


Load 
Index 
Register 
LOX 
CE 3 
3 
DE 4 
2 
EE 5 
2 
FE 5 
3 
M-X 
.IM+ll-X 
·· 


A · 
Load 
Stack 
Pointer 
LOS 
8E 
3 
3 
9E 4 
2 
AE 
5 
2 
8E 
5 
3 
M- 
SPH,IM+1)- 
SPL · · 
A · 


Store 
Index 
Register 
STX 
OF 4 
2 
EF 5 
2 
FF 
5 
3 
XH-M,XL-IM+ll 
· · 
A · 
Store Stack Pointer 
STS 
9F 
4 
2 
AF 
5 
2 
8F 
5 
3 
SPH-M.SPL 
-(M+l1 
· · 
A · 


Index 
Reg - 
Stack 
Pointer 
TXS 
35 
3 
1 
X 
I-SP 
· · · · · · 


Stack 
Pntr - 
Index 
Register 
TSX 
30 
3 
1 
SP+l-X 
· · · · · · 
Add 
A8X 
3A 
3 
1 
B+X-X 
· · · · · · 
Push 
Data 
PSHX 
3C 
4 
1 
XL -MSp.SP 
l-SP 
· · · · · · 
XH - 
MSp.SP-l 
- 
SP 


Pull Data 
PULX 
38 
5 
1 
SP+l-SP.MSp-XH 
· · · · · · 
SP+l-SP,MSp-XL 


Accumulator 
and 
Immed 
Direct 
Inde. 
Extend 
Inher 
8001e8" 
Condition 
Code. 
Memory Operattons 
MNE 
Op 
- 
# 
Op 
- 
# 
Op 
- 
# 
Op 
- 
# 
Op 
# 
eXDression 
H 
N 
Z 
V 
C 
Add Acmltrs 
ABA 
lB 
2 
1 A + B-A 
I I 
AddBtoX 
ABX 
3A 
3 
1 OO:B + X-X 
• 
• • • • 
Add with Carry 
AOCA 
B9 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
AOCB 
C9 
2 
2 
09 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 


Add 
AOOA 
8B 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A + M 
-A 


AOOB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B + M-A 


Add Double 
AOOO 
C3 
4 
3 
03 
5 
2 
E3 
6 
2 
F3 
6 
3 
0+ 
M:M 
+ 1 -0 
And 
ANOA 
B4 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
R • 
ANOB 
C4 
2 
2 
04 
3 
2 
E4 
4 
F4 
4 
3 
B·M 
-B 
R • 
Shift Left, 
ASL 
68 
6 
2 
78 
6 
3 
.- 


ArIthmetIc 
ASLA 
48 
2 
1 
g)....-I I I 1 I 1 I 1 1.•••..0 


ASLB 
58 
·2 
1 


.7 
bO 


Shift 
Left Obi 
ASLO 
05 
3 
1 
Shift Right, 
ASA 
67 
6 
2 
77 
6 
3 
co I i1i1II+EJ 
Arithmetic 
ASAA 
47 
2 
1 
ASRB 
57 
2 
1 


OJ 
bO 


Bit Test 
BITA 
85 
2 
2 
95 
3 
2 AS 
4 
2 
B5 
4 
3 
A·M 
R • 
BITB 
C5 
2 
2 
05 
3 
2 
E5 
4 
2 
F5 
4 
3 
B· 
M 
R • 
Compare Acmltrs 
CBA 
11 
2 
1 A·B 
I 
I 
Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
OO-M 
R 
S 
A 
A 
CLRA 
4F 
2 
1 OO-A 
R 
S 
R 
A 
CLRB 
SF 
2 
1 OO-B 
R 
S 
R 
A 
Compare 
CMPA 
81 
2 
2 
91 
3 
2 Al 
4 
2 
Bl 
4 
3 
A-M 
I 
CMPB 
Cl 
2 
2 
01 
3 
2 
El 
4 
2 
Fl 
4 
3 
B - M 
I I 
1's Complement 
COM 
63 
6 
2 
73 
6 
3 
M-M 
R 
S 
COMA 
43 
2 
1 A-A 
R 
S 
COMB 
53 
2 
1 l!-B 
• • 
R 
S 
DeCimal Adj. A 
OAA 
19 
2 
1 Ad) binary sum to BCD. 
Decrement 
OEC 
6A 
6 
2 
7A 
6 
3 
M-l-M 
• 
• 
OECA 
4A 
2 
1 A-l-A 
• 
• 
OECB 
SA 
2 
1 B·l 
-8 
• 
• 
ExclUSive OR 
EORA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
B8 
4 
3 
A 0 
M -A 
• 
A • 
EORB 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
B 0 
M-B 
• 
t 
R • 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+ 
l-M 
• 
\ 
I • 
INCA 
4C 
2 
1 A + 1 -A 
• 
I • 
INCB 
5C 
2 
1 8 + 1 -B 
• 
I • 
load Acmltrs 
LOAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
.. 
A • 
LOAB 
C6 
2 
2 
06 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
• 
R • 
load Double 
LOO 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M'M 
+ 1-0 
• 
A • 
logical 
ShIft. 
LSL 
68 
6 
2 
78 
6 
3 
• 
I I 
Left 
LSLA 
48 
2 
1 
.- 
• 
, 
gJ....-I1111 
II 11 .•••..0 


LSLB 
58 
2 
1 
,7 
bO 
• 
I I 
LSLO 
05 
3 
1 
• 
I 


• 


• 


Accumulator 
and 
Immed 
Direct 
Inde •. 
extend 
I"her 
Bool •• n 
Conditton Cod•• 
Memory 
Operations 
MNE 
Op - 
# Op - 
# Op - 
# Op - 
# Op - 
# 
expreuton 
H 
N 
Z 
V 
C 
Shift 
Right. 
LSR 
64 
6 
2 
74 
6 
3 
-+ 
R 


Logical 
LSRA 
44 
2 
1 0-111I II II H1l 
R 
LSRB 
54 
2 , 
!,7 


"" 
R 
LSRO 
04 
3 
1 
R 


Multiply 
MUL 
3D 
10 
1 
AXB-O 
• • • 
2'5 Complement 
NEG 
60 
6 
2 
70 
6 
3 
00 - M-M 
I I I 
(Negate) 
NEGA 
40 
2 
I 
00 
- A-A 
I 
NEGB 
50 
2 
I 
00 
- B-B 
No Operation 
NOP 
01 
2 
I 
PC'1 
-PC 
• • • • 
InclUSive OR 
ORAA 
BA 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A'M-A 
R • 
ORAB 
CA 
2 
2 
OA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B' 
M-B 
R • 
Push Data 
PSHA 
36 
3 
I 
A -Stack 
• • • • 
PSHB 
37 
3 
1 B -Stack 
• • • • 
Pull 
Data 
PULA 
32 
4 
I 
Stack 
-A 
• • • • 
PULB 
33 
4 
I 
Stack 
-B 
• • • • 
Rotate Left 
ROL 
69 
6 
2 
79 
6 
3 
- 
I I I 
I 
ROLA 
49 
2 
I 
I£l-llllllll~ 
I 
I 
ROLB 
59 
2 
I 


0) 
00 
I 
I 
Rotate Right 
ROR 
66 
6 
2 
76 
6 
3 
I 
I 
-- 
RORA 
46 
2 
I 
I:J-+l II II I I I I-.fJ 
I 
RORB 
56 
2 
I 
01 
00 


Subtract Acmltr 
SBA 
10 
2 
I 
A - B-A 
Subtract with 
SBCA 
B2 
2 
L 
92 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C-A 


CarrY 
SBCB 
C2 
2 
2 
02 
3 
2 
E2 
4 
2 
F2 
4 
3 
B - M - C-B 


Store Acmltrs 
STAA 
97 
3 
2 
A7 
4 
2 
B7 
4 
3 
A-M 
R • 
STAB 
07 
3 
2 
E7 
4 
2 
F7 
4 
3 
B-M 
R • 
STO 
DO 
4 
2 
ED 
5 
2 
FO 
5 
3 
o -M'M' 
I 
R • 
Subtract 
SUBA 
BO 
2 
2 
90 
3 
2 
AO 
4 
2 
BO 
4 
3 
A- 
M-A 
I I I 
SliBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B - M-B 
I 


Subtract 
Double 
SUBO 
B3 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
0- 
M'M' 
1 -0 
I I 
Transfer Acmltr 
TAB 
16 
1 A-B 
R • 
TBA 
17 
2 
1 B-A 
R • 
Test. Zero or 
TST 
60 
6 
2 
70 
6 
3 
M - 00 
R 
R 
Minus 
TSTA 
40 
2 
1 A - 00 
R 
R 


TSTB 
50 
2 
1 B - 00 
I 
R 
R 


Condition 
Code 
Reg. 


Direct 
Relative 
Index 
Extend 
Inherent 
5 
4 
3 
2 
1 
0 
Operations 
MNEM 
Dp - 
# 
Dp - 
# 
Dp - 
# 
Dp - 
# 
Dp - 
# 
Branch 
Test 
H 
I 
N 
2 
V 
C 


Branch 
Always 
BRA 
20 
3 
2 
None 
· · · · · · 
Branch 
Never 
BRN 
21 
3 
2 
None 
· · · · · · 
Branch 
If Carry 
Clear 
BCC 
24 
3 
2 
C-O 
· · · · · · 
Branch 
If Carry 
Set 
BCS 
25 
3 
2 
C=l 
· · · · · · 
Branch 
If - Zero 
BED 
27 
3 
2 
2-1 
· · · · · · 
Branch 
If ~ Zero 
BGE 
2C 
3 
2 
N EIlV=O 
· · · · · · 
Branch 
If >Zero 
BGT 
2E 
3 
2 
2+ 
IN 
Ell VI-O 
· · · · · · 
Branch 
If Higher 
BHI 
22 
3 
2 
C+Z=O 
· · · · · · 
Branch 
If Higher 
or Same 
BHS 
24 
3 
2 
C=O 
· · · · · · 
Branch 
If ~Zero 
BlE 
2F 
3 
2 
Z+INEIlVI=l 
· · · · · · 
Branch 
If Carry 
Set 
BlD 
25 
3 
2 
C-1 
· · · · · · 
Branch 
If lower 
Or Same 
BlS 
23 
3 
2 
C+Z=l 
· · · · · · 
Branch 
H < Zero 
BlT 
20 
3 
2 
NEIlV-1 
· · · · · · 
Branch 
If Mmus 
BMI 
2B 
3 
2 
N=l 
· · · · · · 
Branch 
If Not 
Equal Zero 
BNE 
26 
3 
2 
2=0 
· · · · · · 
Branch 
If Overflow 
Clear 
BVC 
28 
3 
2 
V-O 
· · · · · · 
Branch 
If Overflow 
Set 
BVS 
29 
3 
2 
V=l 
· · · · · · 
Branch 
If Plus 
BPl 
2A 
3 
2 
N-O 
· · · · · · 
Branch 
To Subroutine 
BSR 
80 
6 
2 
· · · · · · 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
See Special 
Operations~Figure 
24 
• · · · · · 
Jump 
To Subroutine 
JSR 
90 
5 
2 
AD 
6 
2 
BO 
6 
3 
· · · · · · 
No Operation 
NDP 
01 
2 
1 
· · · · · · 
Return 
From 
Interrupt 
RTI 
3B 
10 
1 
III 
I III 
I 


Return 
From 
Subroutine 
RTS 
39 
5 
1 
See Special 
Operations-Figure 
24 
• · · · · · 
Software 
Interrupt 
SWI 
3F 
12 
1 
· 
S · · · · 
Wait 
For Interrupt 
WAI 
3E 
9 
1 
· · · · · · 


Condition Code Register 


Inherent 
5 
4 
3 
2 
1 
0 
Operations 
MNEM 
Op - 
# 
Boolean Operation 
H 
I 
N 
Z 
V 
C 


Clear Carry 
CLC 
OC 
2 
1 
O-C 
· · · · · 
R 


Clear Interrupt 
Mask 
CLI 
OE 
2 
1 
0-1 
· 
R · · · · 
Clear Overflow 
CLV 
OA 
2 
1 
O-V 
· · · · 


R · 
Set Carry 
SEC 
00 
2 
1 
1-C 
· · · · · 
S 
Set Interrupt 
Mask 
SEI 
OF 
2 
1 
1-1 
· 


S · · · · 
Set Overflow 
SEV 
OB 
2 
1 
1-V 
· · · · 


S · 
Accumulator 
A - 
eCR 
TAP 
06 
2 
1 
A-CCR 
I I I I I 
I 


CCA - 
Accumulator 
A 
TPA 
07 
2 
1 
CCR-A 
· · · · · · 


LEGEND 


Op 
Operation 
Code (Hexadecimal) 


Number of MPU Cycles 


MSp 
Contents 
of memory location pointed to by Stack Pointer 
I 
Number of Program Bytes 
+ 
Arithmetic 
Plus 
Arithmetic 
Minus 


• 
Boolean AND 


X 
Arithmetic 
Multiply 
+ 
Boolean Inclusive OA 


• 
Boolean Exclusive OA 


M 
Complement 
of M 


Transfer Into 
o 
Bit=Zero 
00 
Byte = Zero 


CONDITION 
CODE SYMBOLS 
H 
Halt-carry 
from bit 3 


I 
Interrupt mask 


N 
Negative (sign bit) 
Z 
Zero Ibyte) 
V 
Overflow, 
2's complement 


C 
Carry/Borrow 
from MSB 


R 
Aeset Always 
S 
Set Always 
I 
Affected 


• 
Not Affected 


• 


• 


ADDRESSING 
MODE 
! 
'" 
" 
1: 
., 
'6 
., 


'" 
u 
'" 
.. 
., 
> 
., 
<: 
~ 
li 
., 
E 
e 
! 
., 
" 
~ 
ii 
~ 
'" 
~ 
a; 
w 
.: 
.: 
a: 


ABA 
• 
• 
• 
• 
2 
• 
ABX 
• 
• 
• 
• 
3 
• 
ADC 
2 
3 
4 
4 
• 
• 
ADD 
2 
3 
4 
4 
• 
• 
AD DO 
4 
5 
6 
6 
• 
• 
AND 
2 
3 
4 
4 
• 
• 
ASL 
• 
• 
6 
6 
2 
• 
ASLD 
• 
• 
• 
• 
3 
• 
ASR 
• 
• 
6 
6 
2 
• 
BCC 
• 
• 
• 
• 
• 
3 
BCS 
• 
• 
• 
• 
• 
3 
BED 
• 
• 
• 
• 
• 
3 
BGE 
• 
• 
• 
• 
• 
3 
BGT 
• 
• 
• 
• 
• 
3 
BHI 
• 
• 
• 
• 
• 
3 
BHS 
• 
• 
• 
• 
• 
3 
BIT 
2 
3 
4 
4 
• 
• 
BLE 
• 
• 
• 
• 
3 
BLO 
• 
• 
• 
• 
3 
BLS 
• 
• 
• 
• 
3 
BLT 
• 
• 
• 
3 
BMI 
• 
• 
3 
BNE 
• 
• 
3 
BPL 
• 
• 
3 
BRA 
• 
• 
3 
BRN 
• 
• 
3 
BSR 
• 
• 
6 
BVC 
• 
• 
3 
BVS 
• 
• 
3 
CBA 
• 
2 
CLC 
• 
2 
CLI 
• 
2 
CLR 
• 
6 
6 
2 
CLV 
• 
• 
• 
2 
CMP 
2 
3 
4 
4 
• 
COM 
• 
• 
6 
6 
2 
CPX 
4 
5 
6 
6 
• 
DAA 
• 
• 
• 
• 
2 
DEC 
• 
• 
6 
6 
2 
DES 
• 
• 
• 
• 
3 
DEX 
• 
• 
• 
• 
3 
EOR 
2 
3 
4 
4 
• 
INC 
• 
• 
6 
6 
• 
INS 
• 
• 
• 
• 
3 


ADDRESSING 
MODE 


! 
'" 
" 
1: 
., 
'6 
., 


'" 
u 
'" 
., 
.. 
.~ 
., 
<: 
~ 
li 
E 
e 
! 
., 
~ 
~ 
'" 
~ 
ii 
w 
.: 
.: 


INX 
• 
• 
• 
• 
3 
JMP 
• 
• 
3 
3 
• 
JSR 
• 
5 
6 
6 
• 
LOA 
2 
3 
4 
4 
• 
LDD 
3 
4 
5 
5 
• 
LOS 
3 
4 
5 
5 
• 
LOX 
3 
4 
5 
5 
• 
LSL 
• 
• 
6 
6 
2 
LSLD 
• 
• 
• 
• 
3 
• 
LSR 
• 
• 
6 
6 
2 
LSRD 
• 
• 
• 
• 
3 
MUL 
• 
• 
• 
• 
10 
NEG 
• 
• 
6 
6 
2 
NOP 
• 
• 
• 
• 
2 
ORA 
2 
3 
4 
4 
• 
PSH 
• 
• 
• 
• 
3 
PSHX 
• 
• 
• 
• 
4 
PUL 
• 
• 
• 
• 
4 
PULX 
• 
• 
• 
• 
5 
ROL 
• 
• 
6 
6 
2 
ROR 
• 
• 
6 
6 
2 
RTI 
• 
• 
• 
• 
10 
RTS 
• 
• 
• 
• 
5 
SBA 
• 
• 
• 
• 
2 
SBC 
2 
3 
4 
4 
• 
SEC 
• 
• 
• 
• 
2 
SEI 
• 
• 
• 
• 
2 
• 
SEV 
• 
• 
• 
• 
2 
STA 
• 
3 
4 
4 
• 
STD 
• 
4 
5 
5 
• 
STS 
• 
4 
5 
5 
• 
STX 
• 
4 
5 
5 
• 
SUB 
2 
3 
4 
4 
• 
SUBD 
4 
5 
6 
6 
• 
SWI 
• 
• 
• 
• 
12 
TAB 
• 
• 
• 
• 
2 
TAP 
• 
• 
• 
• 
2 
TBA 
• 
• 
• 
• 
2 
TPA 
• 
• 
• 
• 
2 
TST 
• 
• 
6 
6 
2 
TSX 
• 
• 
• 
• 
3 
TXS 
• 
• 
• 
• 
3 
WAI 
• 
• 
• 
• 
9 


Table 
14 provides 
a detailed 
description 
of the 
information 


present 
on 
the 
Address 
Bus, 
Data 
Bus, 
and 
the 
Read/Write 


IR/WI 
line 
during 
each 
cycle 
of each 
instruction. 


The 
information 
's 
useful 
In 
comparing 
actual 
with 
ex- 


pected 
results 
during 
debug 
of both 
software 
and 
hardware 


as the 
program 
is executed. 
The 
information 
is categorized 
In 


groups 
according 
to addressing 
mode 
and 
number 
of cycles 


per 
instruction. 
In general, 
instructions 
with 
the 
same 
ad- 


dressing 
mode 
and 
number 
of 
cycles 
execute 
in 
the 
same 


manner. 
Exceptions 
are 
indicated 
in the 
table. 


Note 
that 
during 
MPU 
reads 
of 
Internal 
locations, 
the 


resultant 
value 
will 
not 
appea, 
on 
the 
external 
Data 
Bus' ex- 


cept 
in Mode 
O. "High 
order" 
byte 
refers 
to the 
most 
signifi- 


cant 
byte 
of 
a 16·bit 
value. 


ADC 
EOR 
2 
1 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address + 1 
1 
Operand 
Data 


AND 
ORA 
BIT 
SBC 
CMP 
SUB 


LOS 
3 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address + 1 
1 
Operand 
Data (High 
Order 
By tel 


LDD 
3 
Opcode 
Address + 2 
1 
Operand 
Data (Low 
Order 
By tel 


CPX 
4 
1 
Opcode Address 
1 
Upcode 


SUBD 
2 
Opcode 
Address + 1 
1 
Operand 
Data (High 
Order 
By tel 


ADDD 
3 
Opcode 
Address + 2 
1 
Operand 
Data (Low 
Order 
By tel 


4 
Address 
Bes FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOR 
3 
1 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address + 1 
1 
Address of Operand 


AND 
ORA 
3 
Address 
of Operand 
1 
Operand Data 


BIT 
SBC 
CMP 
SUB 


STA 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Destination 
Address 
3 
Destination 
Address 
0 
Data from Accumulator 


LOS 
4 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 


LDD 
3 
Address 
of Operand 
1 
Operand 
Data (High 
Order 
By tel 


4 
Operand 
Address + 1 
1 
Operand 
Data (Low 
Order 
By tel 


STS 
4 
1 
Opcode 
Address 
1 
Opcode 
STX 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 


STD 
3 
Address 
of Operand 
0 
Register 
Data (High 
Order 
By tel 
4 
Address of Operand + 1 
0 
Register Data (Low Order Byte) 


CPX 
5 
1 
Opcode 
Address 
1 
Opcode 


SUBD 
2 
Opcode 
Address + 1 
1 
Address of Operand 


ADDD 
3 
Operand 
Address 
1 
Operand 
Data (High 
Ord.r 
By tel 


4 
Operand 
Address + 1 
1 
Operand 
Data (Low 
Order 
By tel 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
5 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Subroutine 
Address 
1 
First Subroutine 
Opcode 


4 
Stack Pointer 
0 
Return Address (Low Order Byte) 


5 
Stack Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte) 


• 


Address 
Mode and 


Instructions 


EXTENDED 


JMP 
3 
1 
Opcode 
Address 
, 
Opcode 


2 
Opcode 
Address + , 
1 
Jump 
Address 
(High 
Order 
By tel 


3 
Opcode 
Address+ 
2 
, 
Jump 
Address 
(Low 
Order 
By tel 


ADC 
EOR 
4 
, 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address + , 
1 
Address 
of Operand 


AND 
ORA 
3 
Opcode 
Address + 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


BIT 
SBC 
4 
Address of Operand 
, 
Operand Data 
CMP 
SUB 


STA 
4 
, 
Opcode 
Address 
, 
Opcode 
2 
Opcode 
Address + , 
, 
Destination 
Address (High Order Byte) 


3 
Opcode 
Address + 2 
, 
Destination 
Address (Low Order Byte) 


4 
Operand Destination 
Address 
0 
Data from Accumulator 


LOS 
5 
, 
Opcode 
Address 
, 
Opcode 


LOX 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 
(High 
Order 
Byte) 


LDD 
3 
Opcode 
Address + 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address of Operand 
, 
Operand 
Data (High 
Order 
Byte) 
5 
Address 
of Operand + 1 
, 
Operand 
Data (Low 
Order 
By tel 


STS 
5 
, 
Opcode 
Address 
1 
Opcode 
STX 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 
(High 
Order 
By tel 
STD 
3 
Opcode 
Address + 2 
, 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
0 
Operand 
Data (High 
Order 
By tel 
5 
Address 
of Operand + , 
0 
Operand 
Data (Low 
Order 
By tel 


ASL 
LSR 
6 
, 
Opcode Address 
, 
Opcode 
ASR 
NEG 
2 
Opcode 
Address + , 
, 
Address 
of Operand 
(High 
Order 
Byte) 
CLR 
ROL 
3 
Opcode 
Address + 2 
, 
Address of Operand (Low Order Byte) 


COM 
ROR 
4 
Address of Operand 
, 
Current Operand Data 
DEC 
TST* 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
INC 
6 
Address 
of Operand 
0 
New Operand Data 


CPX 
6 
, 
Opcode 
Address 
1 
Opcode 
SUBD 
2 
Opcode 
Address + , 
1 
Operand 
Address 
(High 
Order 
Byte) 
ADDD 
3 
Opcode 
Address + 2 
, 
Operand 
Address 
(Low 
Order 
By tel 
4 
Operand 
Address 
, 
Operand 
Data (High 
Order 
Byte) 
5 
Operand 
Address + , 
1 
Operand Data (Low Order Byte) 
6 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


JSR 
6 
, 
Opcode 
Address 
, 
Opcode 
2 
Opcode 
Address + , 
, 
Address of Subroutine 
(High Order Byte) 
3 
Opcode 
Address + 2 
1 
Address 01 Subroutine 
(Low Order Byte) 


4 
Subroutine 
Starting Address 
1 
Opcode of Next Instruction 
5 
Stack Pointer 
0 
Return Address (Low Order Byte) 


6 
Stack Pointer - 1 
0 
Return 
Address 
(High 
Order 
By tel 


Address Mode and 


Instructtons 


INDEXED 


JMP 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOR 
4 
1 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address + 1 
1 
Offset 


AND 
ORA 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


BIT 
SBC 
4 
Index Register Plus Offset 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index 
Register 
Plus Offset 
a 
Operand Data 


LOS 
5 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address + 1 
1 
Offset 


LDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Index Register Plus Offset 
1 
Operand 
Data (High 
Order 
Byte) 


5 
Index 
Register 
Plus Offset + 1 
1 
Operand 
Oata ILow 
Order 
Byte) 


STS 
5 
1 
Opcode 
Address 
1 
Opcode 


STX 
2 
Opcode 
Address + 1 
1 
Offset 
STD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index 
Register 
Plus Offset 
a 
Operand 
Data (High 
Order 
Byte) 


5 
Index Register 
Plus Offset + 1 
a 
Operand 
Data (Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Opcode 
Address 
1 
Opcode 


ASR 
NEG 
2 
Opcode 
Address + 1 
1 
Offset 


CLR 
ROL 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


COM 
ROR 
4 
Index 
Register 
Plus Offset 
1 
Current Operand Data 


DEC 
TST" 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


INC 
6 
Index 
Register 
Plus Offset 
a 
New Operand 
Data 


CPX 
6 
1 
Opcode 
Address 
1 
Opcode 


SUBD 
2 
Opcode 
Address + 1 
1 
Offset 
ADDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register+ Offset 
1 
Operand 
Data (High 
Order 
Byte) 


5 
Index Register+ Offset + 1 
1 
Operand 
Data (Low 
Order 
Byte) 
6 
Address 
Bus FFFF 
Low Byte of Restart Vector 


JSR 
6 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address+ 
1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index 
Register + Offset 
1 
First Subroutine 
Opcode 
5 
Stack Pointer 
a 
Return 
Address 
(Low 
Order 
Byte) 
6 
Stack Pointer-l 
a 
Return 
Address 
(High 
Order 
Byte) 


• 


• 


Address 
Mode and 


Instructions 


INHERENT 


ABA 
DAA 
SEC 
2 
1 
opcode 
Address 
1 
opcode 
ASL 
DEC 
SEI 
2 
opcode 
Address + 1 
1 
Opeode of Next Instruction 
ASR 
INC 
SEV 
CBA 
LSR 
TAB 
CLC 
NEG 
TAP 
CLI 
NoP 
TBA 
CLR 
RoL 
TPA 
CLV 
RoR 
TST 
COM 
SBA 


ABX 
3 
1 
opcode 
Address 
1 
opcode 
2 
opcode 
Address + 1 
1 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ASLD 
3 
1 
opcode 
Address 
1 
opcode 
LSRD 
2 
opcode 
Address + 1 
1 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


DES 
3 
1 
opcode 
Address 
1 
opcode 


INS 
2 
opcode 
Address + 1 
1 
Gpeode of Next Instruction 


3 
Previous Stack Pointer Contents 
1 
Irrelevant Data 


INX 
3 
1 
opcode 
Address 
1 
opcode 
DEX 
2 
opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PSHA 
3 
1 
opcode 
Address 
1 
opcode 
PSHB 
2 
opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Stack Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
opcode 
Address 
1 
opcode 
2 
opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 


TXS 
3 
1 
opcode 
Address 
1 
opcode 
2 
opcode 
Address + 1 
1 
Gpeode 01 Next Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PULA 
4 
1 
Gpeode Address 
1 
opcode 
PULB 
2 
opcode 
Address + 1 
1 
Gpeode of Next instruction 
3 
Stack Pointer 
1 
Irrelevant Data 
4 
Stack 
Pointer + 1 
1 
Operand 
Data from 
Stack 


PSHX 
4 
1 
opcode 
Address 
1 
opcode 
2 
opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
0 
Index Register (Low Order Byte) 
4 
Stack Pointer-l 
0 
Index 
Register 
IHigh 
Order 
Byte) 


PlILX 
5 
1 
opcode 
Address 
1 
opcode 
2 
opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
1 
Irrelevant Data 
4 
Stack Pointer + 1 
1 
Index 
Register 
(High 
Order 
Byte) 
5 
Stack Pointer + 2 
1 
Index Register (Low Order Byte) 


RTS 
5 
1 
opcode 
Address 
1 
opcode 
2 
opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
1 
Irrelevant Data 
4 
Stack Pointer+ 
1 
1 
Address of Next Instruction (High Order Byte) 
5 
Stack Pointer+2 
1 
Address of Next Instruction (Low Order Byte) 


WAI 
9 
1 
opcode 
Address 
1 
opcode 
2 
opcode 
Address + 1 
1 
Opcode of Next Instruction 
3 
Stack Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 
4 
Stack Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte) 
5 
Stack Pointer- 
2 
0 
Index 
Register 
(Low 
Order 
Byte) 
6 
Stack Pointer - 3 
0 
Index 
Register 
(High 
Order 
Byte) 
7 
Stack Pointer-4 
0 
Contents of Accumulator 
A 
B 
Stack Pointer- 
5 
0 
Contents of Accumulator 
B 
9 
Stack Pointer-6 
0 
Contents of C.ondition Code Register 


Address 
Mode 
and 


Instructions 


INHERENT 


MUL 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte 01 Restart Vector 


4 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
7 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


B 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
9 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


10 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


RTI 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
S lack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack Pointer+ 
1 
1 
Contents 
of Condition 
Code Register from Stack 
5 
Stack Pointer+2 
1 
Contents of Accumulator 
8 from Stack 
6 
Stack Pointer+3 
1 
Contents of Accumulator 
A from Stack 
7 
Stack Pointer+4 
1 
Index 
Register 
from 
Stack 
(High 
Order 
Byte) 


B 
Stack Pointer+ 
5 
1 
Index Register from Stack (Low Order Byte) 
9 
Stack Pointer+6 
1 
Next Instruction Address from Stack (High Order Byte) 


10 
Stack Pointer+ 7 
1 
Next Instruction Address from Stack (Low Order Byte) 


SWI 
12 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
0 
Return Address (Low Order Byte) 


4 
Stack Pointer - 1 
0 
Return 
Address 
(High 
Order 
Byte) 
5 
Stack Pointer-2 
0 
Index 
Register 
(Low 
Order 
Byte) 
6 
Stack Pointer - 3 
0 
Index 
Register 
(High 
Order 
By tel 


7 
Stack Pointer-4 
0 
Contents of Accumulator 
A 


B 
Stack Pointer-5 
0 
Contents of Accumulator 
B 
9 
Stack Pointer-6 
0 
Contents of Condition Code Register 
10 
Stack Pointer-7 
1 
Irrelevant Data 


11 
Vector 
Address 
FFFA (Hexl 
1 
Address 
of Subroutine 
I High Order 
Byte) 
12 
Vector 
Address 
FFFB IHex) 
1 
Address of Subroutine 
(Low Order Byte) 


BCC BHT BNE BLO 
3 
1 
Op Code Address 
1 
Op Code 


BCS BLE BPL BHS 
2 
Op Code Address 
.1 
1 
Branch 
Offset 


BEG BLS BRA 
BR N 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
BGE BLT BVC 
BGT BMT 
BVS 


BSR 
6 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
.1 
1 
Branch 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
4 
Subroutme 
Starting 
Address 
1 
Op Code of Next Instruction 
5 
Stack Pomter 
0 
Return Address (Low Order Byte) 
6 
Stack Pomter 
-1 
0 
Return Address(Hlgh 
Order Byte) 


• 


JMP. 
Jump 
ef 
Main 
Program 
I 


ef 
$7E:JMP 


I 


K H "" Next 
Address 
INDXD 
Extended 
Kl"" 
Next 
Address 


X+K 
Next 
Instruction 


K I 
Next 
Instruction 


• 


FIGURE 
24 - 
SPECIAL 
OPERATIONS 


JSR. 
Jump 
to Subroutme 
I 


~ 
Main Program 


$9D= JSR 


Direct 
K 


RTN 
Next Main 
Instr. 


K"" 
Direct 
Address 


Main Program 
~ 
Stack 


I 


~ 
$AD= JSR 
.... SP-2 


INDXD 
K= 
Offset 
¢ 


SP-l 


ffi 
RTN 
Next 
Main Instr. 
SP 
RTNL 


I 


Main 
Program 
ef 
$8D= JSR 


SH = Subr. 
Addr. 


c.v 
EXTND 


I 
Sl= 
Subr. 
Addr. 


(Xl 
RTN 
Next Main Inst 
...•. 
~ 


SWI, 
Software 
Interrupt 
Main 
Program 
SP 


ef 
$3F= SWI Ie)- 


SP-7 


RTN 
SP-6 


SP- 
5 


SP-4 


SP- 
3 


WAI. 
W8lt 
for Interrupt 
Main 
Program 
SP-2 
~ 
Ie) 


$3E=WAI 
SP-l 


RTN 
SP 


RT!. Return 
from Interrupt 
Interrupt 
Program 
~ 


ef 


I 


$38= RTI Ie) 


SP 


SP+ 
1 


SP+ 2 


SP+3 


SP+4 


SP+5 


SP+6- 


SP+ 
7 


BSR, 
Branch 
To Subroutine 
~ 
Main 
Program 
Stack 
ef 
$SD= 8SR ¢- 


SP-2 


± K =Oflset 
SP- 
1 


ffi 
RTN 
Next Main Instr. 
SP 
RTNL 


Subroutine 


=$39==RTS 
I ¢ 


~ 
Stack 


SPffi 


SP+ 
1 
RTNH 


SP+2 
RTNl 


legend: 


RTN = Address 
of next 
instruction 
in Main 
Program 
to be executed 
upon 
return 
from 
subroutine 


RTNH 
= Most 
sIgnificant 
byte of Return 
Address 


RTNl 
= least 
slgmficant 
byte of Return 
Address 


- 
= Stack 
POinter 
After 
Execution 
K = 8-bit 
Unsigned 
Value 


Condition 
Code 


AcmltrB 


AcmltrA 


Index 
Register 
(XHI 


Index 
Register 
IXll 


RTNH 


RTNL 


Condition 
Code 


AcmltrB 


AcmltrA 


Index 
Register 
(XHI 


Index 
Register 
(Xl) 


RTNH 


RTNL 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 


00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 


NAM 
EPROM 
OPT 
ZO I,LLEN=80 


TTL 
*** 
ROUTINE 
TO PROGRAM 
THE 
MC68701 
EPROM ** 


********************************************************* 
** 
E PRO 
M -- A 
NON-REENTRANT 
ROUTINE 
TO 
PROGRAM 
* 
THE 
MC68701 
EPROM. 
* 
* 
* 


THE 
ROUTINE 
PROGRAMS 
THE MC68701 
EPROM 
STARTING 
AT 
ADDRESS 
"PNTR" 
FROM 
A 
BLOCK 
OF MEMORY 
STARTING 
AT 
"IMBEG" 
AND 
ENDING 
AT 
"IMEND". 


* 
JSR 
EPROM 
** 
NOTES: 
** 
1. 
THE 
ROUTINE 
EXPECTS 
FOUR 
DOUBLE 
BYTE 
VALUES 
* 
TO 
BE 
INITIALIZED 
PRIOR 
TO 
BEING 
CALLED. 
* 
THESE 
VALUES 
ARE: 
* 
* 
* 


IMBEG 
= A DOUBLE 
BYTE 
ADDRESS 
WHICH 
POINTS 
TO 
THE 
FIRST 
BYTE 
TO 
BE 
PROGRAMMED 
INTO 
THE 
EPROM. 


IMEND 
A DOUBLE 
BYTE 
ADDRESS 
WHICH 
POINTS 
TO THE 
LAST 
BYTE 
TO 
BE PROGRAMED 
IN- 
INTO 
THE 
EPROM. 


PNTR 
= A DOUBLE 
BYTE 
ADDRESS 
WHICH 
POINTS 
TO 
THE 
FIRST 
BYTE 
IN THE 
EPROM 
TO BE 
PROGRAMMED. 


WAIT 
A DOUBLE 
BYTE 
COUNTER 
VALUE 
WHICH 
IS 
A 
FUNCTION 
OF 
THE 
MCU 
INPUT 
FREQUEN- 
CY AND 
IS USED 
WITH 
THE 
OUTPUT 
COM- 
PARE 
FUNCTION 
TO 
GENERATE 
A 
50 MSEC 
TIMEOUT. 
IT IS EQUIVALENT 
TO 


30615 
($7797) 
50000 
($C350) 
61375 
($EFBF) 


2.45 MHZ 
4.00 
MHZ 
4.91 
MHZ 


* 
2. 
IT 
IS ASSUMED 
THAT 
POWER 
(VPP) 
IS 
AVAILABLE 
* 
TO THE 
RESET 
PIN 
FOR 
PROGRAMMING. 
* 


Routine parameter 
initialization, 
such as stack pOinter, etc., must be done pnor to entry. 


(Use of PRObug will ensure all needed initialization.) 


• 


• 


00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070A 
0080 
00071A 
0080 
00072A 
0082 
00073A 
0084 
00074A 
0086 
00075 
00076 
00077 
00078A 
3000 
00079A 
3000 
00080A 
3002 
00081A 
3003 
00082 
00083A 
3005 3C 
00084A 
3006 86 FE 
00085A 
3008 97 14 
00086A 
300A A6 00 
00087A 
300C DE 84 
00088A 
300E A7 00 
00089A 
3010 08 
00090A 
3011 DF 84 
00091A 
3013 86 FC 
00092A 
3015 97 14 
00093 
00094 
00095 
00096A 
3017 DC 86 
A 
00097A 
3019 D3 09 
A 
00098A 
301B 7F 0008 
A 
00099A 
301E DD OB 
A 
00100A 
3020 86 40 
A 
00101 
00102A 
3022 95 08 
A EPR004 
00103A 
3024 
27 FC 3022 
00104A 
3026 38 
00105A 
3027 08 
00106A 
3028 9C 82 
A 
00107A 
302A 
23 D9 3005 
00108A 
302C 86 FF 
A 
00109A 
302E 97 14 
A 
00110A 
3030 38 
00111A 
3031 DF 84 
00112A 
3033 39 
00113 
TOTAL 
ERRORS 00000--00000 


DE 84 
3C 
DE 80 


0008 
0009 
OOOB 
0014 


A TCSR 
A TIMER 
A OUTCMP 
A EPMCNT 


0002 
0002 
0002 
0002 


A IMBEG 
A IMEND 
A PNTR 
A WAIT 


EPR002 
A 
A 


A 
A 
A 


TIMER 
CONTROL/STAT 
REGISTER 
COUNTER 
REGISTER 
OUTPUT 
COMPARE 
REGISTER 
RAM/EPROM 
CONTROL 
REGISTER 


START OF MEMORY 
BLOCK 
LAST BYTE OF MEMORY 
BLOCK 
FIRST BYTE OF EPROM TO BE 
COUNTER 
VALUE 


ORG 
lOX 
PSHX 
LDX 


SAVE CALLING ARGUMENT 
RESTORE 
WHEN DONE 
USE STACK 


SAVE POINTER 
ON STACK 
REMOVE 
VPP. SET LATCH 
PPC= 1. PLC=O 
MOVE DATA MEMORY-TO-LATCH 
GET WHERE 
TO PUT IT 
STASH AND LATCH 
NEXT ADDR 
ALL SET FOR NEXT 
ENABLE 
EPROM POWER 
(VPP) 
PPC=O. 
PLC=O 


PSHX 
LDAA 
STAA 
lOAA 
LDX 
STAA 
INX 
STX 
LDAA 
STAA 


//$FE 
EPMCNT 


X 
PNTR 


X 


PNTR 
#$FC 
EPMCNT 


LDD 
ADDD 
CLR 
STD 
lOAA 


WAIT 
TIMER 
TCSR 
OUTCMP 
1/$40 


BITA 
BEQ 
PULX 
INX 
CPX 
BLS 
LDAA 
STAA 
PULX 
STX 
RTS 
END 


IMEND 
EPR002 
//$FF 
EPMCNT 


GET CYCLE 
COUNTER 
BUMP CURRENT 
VALUE 
CLEAR OCF 
SET OUTPUT 
COMPARE 
NOW WAIT 
FOR OCF 


NOT YET 
SETUP FOR NEXT ONE 
NEXT 
MAYBE DONE 
NOT YET 
REMOVE 
VPP. 
INHIBIT LATCH 
EPROM CAN NOW BE READ 
RESTORE 
PNTR 


IMPORTANT 
NOTICE 


Devices 
made with 
mask numbers 
T7A and CB4 may generate 
multiple 
framing 
efror 
flags in response 
to unframed 
data. 
These 
devices 
will eventually 
synchronize 
correctly 
after a framing 
error; 
but valid. 
framed 
data followmg 
an unframed 
byte may 
generate 
false framing 
error flags. 


• 


• 


® MOTOROLA 


8-BIT 
EPROM 
MICROCOMPUTER/MICROPROCESSOR 
(MCU/MPU) 


The MC68701U4 is an 8-bit single-chip 
EPROM microcomputer 
unit 


(MCUI which enhances the capabilities of the MC6801 and significantly 
enhances the capabilities of the M6800 Family of parts. It includes an 
MC6801 
microprocessor 
unit 
IMPUI 
with 
direct 
object-code 
com- 


patibility 
and upward 
oblect-code 
compatibility 
with the MC6800. Ex- 
ecution times of key instructions 
have been improved over the MC6800 
and the new instructions 
found on the MC6801 are included. The MCU 
can function 
as a monolithic 
microcomputer 
or can be expanded to a 


64K byte address space. It is TTL compatible and requires one + 5-volt 
power supply for nonprogramming 
operation. An additional Vpp power 


supply is needed for EPROM programming. 
On-chip resources include 
4096 bytes of EPROM, 192 bytes of RAM, a serial communications 
in- 


terface 
(SCIl, 
parallel I/O, 
and a 16-bit six-function 
programmable 


timer. 


• 
Enhanced MC6800 Instruction 
Set 


• 
Upward Source and Object Code Compatibility 
with the MC6800, 


MC6801 , and MC6801U4 


• 
8us Compatibility 
with the M6800 Family 


• 
8x 8 Multiply 
Instruction 


• 
Single-Chip or Expanded Operation to 64K Byte Address Space 


• 
Internal Clock Generator with Divide-by-Four 
Output 


• 
Serial Communications 
Interface (SCIl 


• 
16-Bit Six-Function 
Programmable 
Timer 


• 
Three Output Compare Functions 


• 
Two Input Capture Functions 


• 
Counter Alternate Address 


• 
4096 Bytes of User EPROM 


• 
192 Bytes of RAM 


• 
32 Bytes of RAM Retainable During Power Down 


• 
29 Parallel I/O and Two Handshake Control Lines 


• 
NMI Inhibited Until Stack Load 


Generic Number 


MC68701U4L 
MC68701U4L-l 


HMOS 


(HIGH-DENSITY 
N-CHANNEL. 
SILICON-GATEI 


8-BIT EPROM 
MICROCOMPUTER/ 
MICROPROCESSOR 


L SUFFIX 


CERAMIC 
PACKAGE 
CASE 715 


PIN ASSIGNMENT 


VSS 


XTALl 
SCI 


EXTAL2 
SC2 


NMi 
P30 


Tm11 
P31 


RESET/Vpp 
P32 


VCC 
P33 


P20 
P34 


P21 
P35 


P22 
P36 


P23 
P37 


P24 
P40 


Pl0 
P41 


Pll 
P42 


P12 
P43 


P13 
P44 


P14 
P45 


P15 
P46 


P16 
P47 


P17 
VCC 
Standby 


Cl. 
Cl. 


_:::I 
l~ 
u u>;t ~ 
- 
~ ~ 
u U>~ x 
:::2d 
w 
»xwwlzl~a:: 


Expanded 
Multiplexed 
Expanded 
Non-Multiplexed 
Single 
Chip 


P37 
A7/D7 
D7 
I/O 
P36 
A6/D6 
D6 
I/O 


P35 
A5/D5 
D5 
I/O 


P34 
A4/D4 
D4 
I/O 


P33 
A3/D3 
D3 
I/O 
Port 


P32 
A2/D2 
D2 
I/O 
3 
IRQl 
P31 
Al/Dl 
Dl 
I/O 


P30 
AO/DO 
DO 
I/O 


SC2 
A/IN 
A/IN 
0S3 
SCl 
AS 
iDS 
~ 


P20 
TlNl 
I/O 
P2l 
TOUTl 
I/O 


P22 
SCLK 
I/O 


P23 
RDATA 
I/O 


P24 
TDATA 
I/O 


P47 
Al5 
A7 
I/O 
PlO 
TIN2 
I/O 


P46 
Al4 
A6 
I/O 
Address 
Pl1 
TOUT2 
I/O 


P45 
Al3 
A5 
I/O 
P12 
TOUT3 
I/O 


P44 
Al2 
A4 
I/O 
Port 
P13 
I/O 


P43 
All 
A3 
I/O 
1 
P14 
I/O 


P42 
Al0 
A2 
I/O 
P15 
I/O 


P41 
A9 
Al 
I/O 
P16 
I/O 


P40 
A8 
AO 
I/O 
P17 
I/O 


32x8 
Standby 
RAM 
• 


• 


This device contains 
circuitry to protect 
the 


inputs 
against 
damage 
due 
to 
high 
static 
voltages or electric fields; however. 
it is ad- 
vised 
that 
normal 
precautions 
be taken 
to 


avoid applications 
of any voltage 
higher 
than 


maximum 
rated 
voltages 
to 
this 
high- 


impedance 
circuit. 
For proper operation 
it is 


recommended 
that 
Vin 
and 
Vout 
be con- 
strained 
to 
the 
range 
GND::s (Vin 
or 
VOUI) ",VCC· 


Unused inputs must always be tied to an 
appropriate 
logic voltage 
level (e.g .. either 
GND or VCCI. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 
Input Voltage 
Vin 
-0.3 to + 7.0 
V 


Operating Temperature 
Range 
TA 
o to 70 
·C 


Storage Temperature 
Range 


Programmed 
Tstg 
-5510 
+100 
·C 


Unprogrammed 
-55 to +150 


Characteristic 


Thermal 
Resistance' 
Ceramic 


The average Chip-Junction temperature, 
TJ, In ·C can be obtained 
from' 


TJ = TA + 1PO.OJAI 
11) 


Where' 


TA",Amblent 
Temperature, 
·C 


0JA'" 
Package Thermal Resistance, Junctlon-to-Amblent, 
°C/W 


PO",PINT+PPORT 
PINT'" 
ICC x VCC. Watts 
- 
Chip Internal Power 


PPORT'" Port Power O,ssipation. Wails 
- 
User Oetermlned 


For most applications 
PPORT<li PINT and can be neglected. 
PPORT may become Significant If the device IS configured 
to 


drive Oarllngton 
bases or smk LEO loads. 


An approximate 
relationship 
between 
Po and TJ Ilf PPORT IS neglected) IS. 


PO=K+ITJ+273°C) 
121 


SolVing equations 
1 and 2 for K gives: 


K = PO.IT A + 273·CI + OJA.P02 
131 


Where K ISa constant pertaining to the particular part. K can be determmed from equation 3 by measuring Po (at equilibrium) 


for a known TA- USing thiS value of K the values of Po and TJ can be obtamed by soJvlng equations 11)and 121Iteratively for any 
value of TA. 


Characteristic 
Symbol 
MC68701U4MC68701U4-1 
Unit 


Min 
Max 
Min 
Max 


Frequency of Operation 
10 
0.5 
10 
05 
125 
MHz 


Crystal 
Frequency 
'XTAL 
2.0 
4.0 
2.0 
50 
MHz 


External OscIllator Frequency 
4 fo 
20 
40 
20 
50 
MHz 


Crystal Oscillator Startup 
Time 
tre 
- 
100 
- 
100 
ms 


Processor Control Setup Time 
tpcs 
200 
- 
170 
- 
ns 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
RESET 
VIH 
VSS +4.0 
- 
VCC 
V 
Other Inputs· 
VSS + 2.0 
- 
VCC 
Input Low Voltage 
RESET 
VIL 
VSS-0.3 
- 
VSS+O.4 
V 
Other Inputs· 
VSS-0.3 
- 
VSS+0.8 


Input Current 
Port4 
lin 
- 
- 
0.5 
mA 
1Vin = 0 to 2.4 VI 
See Note 
SCl 
- 
- 
0.8 


Input Current 
lin 
- 
- 
25 
~A 
IV,n = 0 to 5.25 VI 
NMI.IR01 


Input Current 
RESETlVpp 


IVin ~ 0 to 0.4 VI 
See Note 
Iin 
- 
-20 
- 
mA 
IVin ~ 4.0 V to VCCI 
- 
- 
8.0 


Hi-Z IOff Statellnpul 
Current 
1Vin ~ 0.5 to 2.4 VI 
P1Q-P17. P20-P24. P3D-P37 
ITSI 
- 
- 
10 
~A 


Output 
High Voltage 
VOH 
V 
II load = -65~A. 
VCC~ 
mini 
P4D-P47. SC1. SC2 
VSS + 2.4 
- 
- 


IIl0ad~ 
-100~A. 
VCC= 
mini 
Other Outputs 
VSS + 2.4 
- 
- 


Output 
Low Voltage 
VOL 
- 
- 
VSS+0.5 
V 
Ilload~2.0mA. 
Vcc=minl 
All Outputs 


Darlington 
Drive Current 


IOH 
10 
- 
5.0 
mA 
IVO~ 
1.5VI 
P10-P17 


Internal Power Dissipation (measured at T A - aoc in Steady-State 
Operation) 
PINT 
1200 
mW 


Input Capacitance 


IV,n = O. TA = 25°C. fo = 1.0 MHzI 
P30-P37. 
P40-P47. SCl 
Cln 
- 
- 
12.5 
pF 
Other Inputs 
- 
- 
10.0 


VCC Standby 
Power Down 
VSBB 
4.0 
5.25 
V 
Power Up 
VSB 
4.75 
- 
525 


Standby Current 
Power Down 
ISRR 
- 
- 
3.0 
mA 


Programming 
Time 
IPer By tel 
ITA ~ 25°CI 
tpp 
25 
- 
50 
ms 


Programming 
Voltage 
IT A = 25°CI 
Vpp 
200 
21.0 
220 
V 


Programming 
Current 
IVRESET- 
Vppi 
IT A - 25°CI 
Ipp 
- 
30.0 
50.0 
mA 


• Except Mode Programming 
Levels; See Figure 16. 


NOTE: 
RESETlVpp. 
VIL. 
and lin values 
differ 
from 
MC6801U4 
values. 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Peripheral Data Setup Time 
tPDSU 
200 
ns 


Peripheral D::JtaHold Time 
tpDH 
200 
ns 


Delay Time, 
Enable Positive Transition to OS3 Negative 
Transition 
tOSDl 
350 
ns 


Delay Time, 
Enable Positive Transition to 053 
Positive Transition 
tOSD2 
- 
- 
350 
ns 


Delay Time, 
Enable Negatlve 
Transition to Penpheral Data Valid 
IpWD 
- 
- 
350 
ns 


Delay Time. 
Enable Negative 
Tlansltion 
to Penpheral CMOS 
Data Valid 
tCMOS 
2.0 
~s 


Input Strobe Pulse WIdth 
tpWIS 
200 
- 
- 
ns 


Input Data Hold Time 
tlH 
50 
- 
- 
ns 


Input Data Setup Time 
'IS 
20 
- 
- 
ns 


• 


P10 P17 
P20P24 
P40P47 
Inputs 


FIGURE 3 - 
PORT 3 OUTPUT 
STROBE 
TIMING 
(SINGLE-CHIP 
MODEl 


MPU Access of Port 3* 


tCMOS--j 


tPWDx-l/ J ----07VCC 


All Data 


POri 
Outputs 
Data 
Valid 


NOTES 


1 
10 
k pu\lup 
reSistor 
required 
for 
port 
2 10 reach 
0 7 \Ice 
2 
Not applicable 10 P21 
3 
Port 4 can no! be pulled above VCC 


~ 1E 
j 
ISClI 
=:J 
x 


!tS 
~~PWIS 
_-------- 


P30 P37 
Data Vahd 3< 


Inputs 
------ 
--------- 


• Access 
matches output strobe select 105S=0. 
a read; 055= 
1, a write) 


NOTE: 
Timing measurements 
are referenced to and from a low voltage of 0.8 volts and a hIgh voltage of 2.0 volts. unless otherWise noted 


TeStPo,nt~ 


CDR! 


-=- 
-:- 


C=OO pF for P3O-P37, P40-P47, E, SC1, SC2 
=30 pF for PlO-P17, P20-P24 


R= 37 kG for P40-P47, SC1, SC2 


= 24 kG for PlO-P17, P20-P24, P30-P37, E 


Ident. 


Characteristics 
Symbol 
MC68701U4 
MC68701 U4-1 
Unit 
Number 
Min 
Max 
Min 
Max 


1 
Cycle Time 
teye 
1.0 
20 
0.8 
2.0 
ps 


2 
Pulse Width, 
E Low 
PWEL 
430 
1000 
360 
1000 
ns 


3 
Pulse Width, 
E High 
PWEH 
450 
1000 
360 
1000 
ns 


4 
Clock Rise and Fall Time 
tf,tf 
- 
25 
25 
ns 


9 
Address 
Hold Time 
tAH 
20 
- 
20 
- 
ns 


12 
Non-Muxed 
Address Valid Time to E* 
IAV 
200 
150 
ns 


17 
Read Data Setup Time 
IDSR 
60 
70 
ns 


18 
Read Data Hold Time 
tDHR 
10 
- 
10 
- 
ns 


19 
Write 
Data Delay Time 
tDDW 
- 
225 
- 
200 
ns 


21 
Write 
Data Hold Time 
tDHW 
20 
- 
20 
- 
ns 


22 
Muxed 
Address 
Valid Time 
to E Rise* 
tAVM 
160 
- 
120 
- 
ns 


24 
Muxed 
Address 
Valid Time to AS Fall' 
IASL 
40 
- 
30 
- 
ns 


25 
Muxed 
Address Hold Time 
tAHL 
20 
- 
20 
- 
ns 


26 
Delay Time, 
E to AS Rise' 
tASD 
200 
- 
170 
- 
ns 


27 
Pulse Width, 
AS High' 
PWASH 
100 
- 
60 
- 
ns 


28 
Delay Time, AS to E Rise' 
tASED 
90 
- 
70 
- 
ns 


29 
Usable Access 
Time' 
ISee NOle 31 
tACC 
530 
- 
410 
- 
ns 


IDS, 
RiiN. Address 
INon-Muxedl 


NOTES: 


1. Voltage 
levels shown 
are VL:50.5 
V, VH"'2.4 
V, unless otherwise 
specified. 
2. 
Measurement 
POints shown are 0.8 V and 2.0 V. unless otherwise specIfied. 


3. Usable access tIme 
IS computed 
by 22 + 3 - 17. 


4. 
Memory 
deVices should be enabled only during 
E high to avoId port 3 bus contentlon 
5. 
Item 26 is different 
from the MC6001. 
but it is upward compatible. 


•• 


• 


INTRODUCTION 


The 
MC68701 U4 is an 8-bit 
monolithic 
microcomputer 
which can be configured 
to function 
in a wide variety of ap- 


plications. 
The facility which provides this extraordinary 
flex- 


ibility is its ability to be hardware programmed 
into seven dif- 


ferent 
operating 
modes. 
The operating 
mode controls 
the 
configuration 
of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 
Twenty-nine 
pins are organized 
as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a writ&-only 
data direction 
register. The data direction 
register is used to define whether 
corresponding 
bits in the 
data register are configured 
as an input 
(clear) or output 
(setl. 


The term "port" 
by itself 
refers to all of the hardware 


associated with the port. When the port is used as a "data 
port" 
or "1/0 
port," 
it is controlled 
by the port data direction 
register and the programmer 
has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where i identifies 
one of four ports and j indicates the par- 


ticular bit. 


The microprocessor 
unit (MPUI 
is an enhanced 
MC6800 


MPU with additional capabilities and greater throughput. 
It is 


upward Source and object code compatible with the MC6800 
and the MC6801. The programming 
model is depicted 
in 
Figure 8 where 
accumulator 
D is a concatenation 
of ac- 


cumulators 
A and B. A list of new operations added to the 


MC6800 instruction 
set are shown in Table 1. 


The basic difference 
between 
the 
M C6801U4 and 
the 


MC68701U4 
is that 
the 
MC6801U4 
has an on-chip 
ROM 
while 
the 
MC68701U4 
has 
an 
on-chip 
EPROM. 
The 


FIGURE 8 - 
PROGRAMMING 
MODEL 
E- - - _A_--- 
~~~ 
- -- 
~- - - - ~ g;B;~.~~,C~~~~O~c:u~~la~or 
D 


1'5 
X 
01 Index RegIster 
(X) 


1'5 
SP 
01 Stack POinter IS?) 


115 
PC 
oJ Program Counter (PC) 


Carry/Borrow 
from MSB 


Overflow 


Zero 


Negative 


Interrupt 


Half 
Carry 
l From 
Bit 
31 


Instruction 
Description 


ABX 
Unsigned addition of accumulator 
B to index register 
ADDD 
Adds (without 
carry) the double accumulator 
to memory and leaves the sum in the double accumulator 
ASLD 
or LSLD 
Shifts the double accumulator 
left (towards 
MSBI 
one bit, the LSB is cleared. and the MSB 
is shifted into the C bit 


BHS 
Branch if higher or same, unsigned conditional 
branch (same as Bee) 
BLO 
Branch if lower, unsigned conditional 
branch (same as BCSI 
BRN 
Branch never 
JSR 
Additional 
addressing mode direct 
LDD 
Loads double accumulator 
from memory 
LSL 
Shifts memory or accumulator 
left (towards 
MSBI 
one bit. the LSB is cleared, and the MSB 
is shifted into the C bit 
(same as ASLI 
LSRD 
Shifts the double accumulator 
right (towards 
LSBI one bit, the MSB 
is cleared, and the LSB is shifted into the C bit 
MUL 
Unsigned multiply, 
multiplies the two accumulators 
and leaves the product in the double accumulator 
PSHX 
Pushes the index register to stack 
PULX 
Pulls the index register from stack 
STD 
Stores the double accumulator 
to memory 
SUBD 
Subtracts 
memory from the double accumulator 
and leaves the difference 
in the double accumulator 
CPX 
Internal processing modified to permit its use with any conditional 
branch instruction 


MC68701U4 is pin and code compatible 
with the MC6801U4 
and can be used to emulate the MC6801 U4, allowing 
easy 


software 
development 
using the on-chip 
EPROM. Software 
developed 
using the MC68701 U4 can then be masked into 
the MC6801U4 ROM. 
In order to support 
the on-chip 
EPROM, the MC68701 U4 
differs from the MC6801U4 as follows: 


(1) Mode 0 in the MC6801U4 is a test mode only, while in 


the MC68701 U4 mode 0 is also used to program 
the 
on-chip 
EPROM. 
121The MC68701U4 
RAM/EPROM 
control 
register 
has 
two bits used to control the EPROM in mode 0 that are 
not defined in the MC6801U4 RAM control 
register. 


131The RESETlVpp 
pin in the MC68701U4 is dual pur- 


pose, used to supply EPROM power as well as to reset 
the device; while 
in the MC6801 U4 the pin is called 
RESET and is used only to reset the device. 


are hardware selectable and determine 
the device memory 


map, the configuration 
of port 3, port 4, SC1, SC2, and the 


physical location of the interrupt 
vectors. 


FUNDAMENTAL 
MODES 


The seven operating modes 10-3, 5-7) can be grouped into 


three fundamental 
modes which 
refer to the type of bus it 
supports: 
single chip, 
expanded 
non-multiplexed, 
and ex- 


panded multiplexed. 
Single chip is mode 7, expanded non- 


multiplexed 
is mode 5, and the remaining 
5 are expanded 
multiplexed 
modes. Table 2 summarizes 
the characteristics 
of the operating 
modes. 


SINGLE-CHIP 
MODE (7) - 
In the single-chip 
mode, the 


four MCU ports are configured 
as parallel input/output 
data 


ports, 
as shown 
in Figure 
9. 
The 
MCU 
functions 
as a 
monolithic 
microcomputer 
in this mode without 
external ad- 
dress or data buses. A maximum of 29 I/O lines and two port 
3 control lines are provided. 
Peripherals or another MCU can 
be interfaced 
to port 3 in a loosely coupled 
dual-processor 
configuration, 
as shown in Figure 10. 


OPERATING 
MODES 


The MC68701U4 provides seven different operating modes 


(modes 0 through 3 and 5 through 71. The operating modes 


Single-Chip (Mode 7) 


192bytes of RAM, 4096 bytes of EPROM 
Port 3 is a parallel I/O 
port with two control Jines 
Port 4 is a parallel 1/0 port 


ExpandedNon-Mu~iplexed (Mode 5) 


192bytes of RAM, 4096 bytes of EPROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port! address bus 


ExpandedMultiplexed (Modes 0, 1,2,3,61 


Four memory space options (total 64K address space) 
(11Internal RAM and EPROMwith partial addressbus (mode 11 
(21Internal RAM, no EPROMImode 21 
(31Extendedaddressingof internal 1/0 and RAM 
(41Internal RAM and EPROMwith partial address bus (mode 61 


Port 3 is multiplexed address! data bus 
Port 4 is address bus (inputs/address 
in mode 6) 
Test! Program mode (mode 01: 


May be used to test internal RAM and EPROM 
May be used to test ports 3 and 4 as JlD 
ports by writing into mode 7 
Used to program EPROM 
Only modes 5. 6, and 7 can be irreversibly entered from mode 0 


ResourcesCommon to All Modes 
Reserved register area 
Port 1 inputloutput 
operation 
Port 2 input! output operation 
Timer operation 
Serial communications 
interface operation 


• 


• 


FIGURE 9 - 
SINGLE-CHIP 
MODE 


VCC 


Port 
1 


8110 
Lines 
16-81t Timer 


Port 2 
5 I/O 
Lines 
SerIal 
110 
16-811 Timer 


Port 3 
8' 
0 Lines 


iS3 
~ 


Port 1 
8110 
Lines 


16-8lt 
Timer 


Port 1 
8110 
Lines 
16-61t Timer 


Port 2 


5 I 0 Lines 
SCI 


16 
Bil Timer 


Port 4 
8 I/O 
Lines 


EXPANDED NON-MULTIPLEXED MODE (5) - 
A modest 
amount of external memory space is provided in the expand- 
ed non-multiplexed mode while significant on-chip resources 
are retained. Port 3 functions as an 8-bit bidirectional data 
bus and port 4 is configured initially as an input data port. 
Any combination of the eight least significant address lines 
may be obtained by writing 
to the port 4 data direction 
register. Stated alternatively, any combination of AO to A7 
may be provided while retaining the remainder as input data 
lines. Internal pullup resistors pull the port 4 lines high until 
the port is configured. 


Figure 11 illustrates a typical system configuration 
in the 
expanded 
non-multiplexed 
mode. 
The 
MeU 
interfaces 


directly with M6800 Family parts and can access 256 bytes of 
external address space at $100 through $lFF. 10S provides 
an address decode of external memory 1$100-$1FFI and can 
be used as a memory-page select or chip-select line. 


EXPANDED MULTIPLEXED MODES 10, 1,2, 
3, 6) - 
A 


64K 
byte 
memory 
space 
is provided 
in 
the 
expanded 
multiplexed 
modes. In each of the expanded multiplexed 


modes, port 3 functions as a time multiplexed address/ data 
bus with 
address valid on the negative edge of address 


strobe lAS) and data valid while E is high. In modes 0,2, and 
3, port 4 provides address lines A8 to A15. In modes 1 and 6, 
however, port 4 initially is configured at reset as an input 
data port. The port 4 data direction 
register can then be 
changed to provide any combination of address lines A8 to 
A 15. Stated alternatively, any subset of A8 to A 15 can be 
provided while retaining the remaining port 4 lines as input 
data lines. Internal pullup resistors pull the port 4 lines high 
until software configures the port. 


buses are connected, 
so there must be no memory 
map 
overlap in order to avoid potential 
bus conflicts. 
By writing 
the PCo-PC2 bits in the port 2 data register, modes 5,6, and 
7 can be irreversibly entered from mode O. Mode 0 is used to 
program the on-chip 
EPROM. 


Port 1 
81/0 


16 Bit Timer 


Port 2 
5 I 0 
SCI 


Timer 


Figure 12 depicts a typical configuration 
for the expanded 
multiplexed 
modes. Address strobe can be used to control a 
transparent 
D-type 
latch 
to capture 
addresses AO-A7, as 


shown in Figure 13. This allows port 3 to function 
as a data 
bus when E is high. 


FIGURE 
11 - 
EXPANDED 
NON-MULTIPLEXED 
CONFIGURATION 


VCC 


XTALl 


Port 1 
8 1/0 
Lines 
16-Bit Timer 


PorI 3 
8 Data 
Lines 


R/W 


\05 


Port 4 
To 8 
Address 
Lines 


Port 2 
5 I/O 
LInes 


Sertall/O 


16~81t Timer 


I 
0 


XTALl 
Port 
3 
8 
Port 4 
8/ 


L:...- 
EXTAL2 
105 
/ 
andby_ 
R W 


ET- 
E 


NMI_ 
MC68701U4 


IROi- 


8 
8 
8 


""- 


-L 
8 
8 
8 
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P" 
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L 
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FIGURE 
12 - 
EXPANDED 
MULTIPLEXED 
CONFIGURATION 


VCC 


Port 1 
8 I/O 
Lines 
16-Blt Timer 


Port 2 
Port 4 
5 I/O 
Lines 
Senal I/O 
8 Lines 


16-Bit 
Timer 
Address 
Bus 
• 


VSS 
VCC 


XTALl 


CJ 
8 
Data Bus 


EXTAL2 
100-071 


VCC Standby 


RESET 
Address 
Bus 


NMI 
16 
(AO-A151 
iAQi 
RiW 


Port 1 
Ii I/O 
16-81t Timer 


Port 2 
8 
8 
8 


51/0 
8 
8 
8 
SCI 
TImer 


VSS 


I 
I 


G 
DC 
01 
01 


74LS373 
(TYPlcali 


08 
08 


Port 3 
{ 


Address/ Data 


PROGRAMMING 
THE MODE 


The operating 
mode is determined at RESET by the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control 
register on the 
positive edge of RESET. The operating 
mode may be read 
from the port 2 data register, as shown below, and program- 
ming levels and timing must be met as shown in Figure 14. A 
brief outline of the operating 
modes is shown in Table 3. 


Circuitry 
to provide the programming 
levels ,s dependent 
primarily 
on the normal system usage of the three pins. If 
configured 
as outputs, 
the circuit shown in Figure 15 may be 
used; otherwise, 
three-state 
buffers can be used to provide 
isolation while programming 
the mode. 


6 


IpC2 
PCt 


PORT 2 DATA 
REGISTER 


54321 


PCO 
P24 
P23 
P22 
P21 


o 


P201 
S03 


MEMORY MAPS 


The MC68701U4 can provide up to 64K byte address space 
depending 
on the operating mode. A memory map for each 


operating 
mode is shown in Figure 16. The first 32 locations 


of each map are reserved for the internal 
register area, as 
shown in Table 4, with exceptions 
as indicated. 


See FIgure 15 


for Diode Arrangement 
~ 
VMPDD 


IP20. P21, P221 
~,,/;..::..:: 
VMPL 


_____ 
'" 
Mode Lstch 
mET ---- 
Level 


VMPH Mrn 


VMPL Max 


Characteristic 
Symbol 
Min 
Max 
Unit 


Mode Programming 
Input Voltage 
Low 
VMPL 
- 
1.8 
V 


Mode Programming 
Input Voltage 
High 
VMPH 
4.0 
- 
V 


Mode Programming 
Diode Differential 
(If Diodes are Used) 
VMPDD 
06 
- 
V 


RESETLow PulseWidth 
PWRSTL 
3.0 
- 
E Cycles 


Mode Programming 
Setup Time 
tMPS 
2.0 
- 
E Cycles 


Mode Programming 
Hold Time 
RESETRiseTime", 1~s 
tMPH 
0 
- 
ns 
RESETRiseTime< I ~s 
100 


P22 
P21 
P20 
Interrupt 
Bus 
Mode 
PC2 
PCl 
PCO 
EPROM 
RAM 
Vectors 
Mode 
Operating 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single Chip 
6 
H 
H 
L 
I 
I 
I 
Muxt2,31 
Multiplexed! 
Partial Decode 
5 
H 
L 
H 
I 
I 
I 
NMUXt2,31 
Non-Multiplexed/Partial 
Decode 
4 
H 
L 
L 
- 
- 
- 
- 
Undefrnedl41 
3 
L 
H 
H 
E 
I 
E 
MUXf1,51 
Multiplexed/RAM 
2 
L 
H 
L 
E 
I 
E 
MUXllI 
Multiplexed/RAM 


1 
L 
L 
H 
I 
I 
E 
MUX12,31 
Multiplexed/RAM and EPROM 
0 
L 
L 
L 
I 
I 
E 
MUXllI 
MUltiplex ed Te5tl Programming 


LEGEND 
I - 
Internal 


E - 
External 


MUX - 
Multiplexed 


NMUX - 
Non-Multiplexed 
L - 
Logic "0" 


H - 
Logic "I" 


NOTES: 


1. Addresses associated with ports 3 and 4 are considered external in modes 0, 2, and 3. 
2. Addresses associated with port 3 are considered external in modes 1, 5, and 6. 
3. Port 4 default is user data input; address output is optional by writing to port 4 data directJon register. 
4. Mode 4 IS a non-user mode and should not be used as an operatIng mode. 
5. Mode 3 has the internal RAM and Internal regIsters relocated at SDOX>·SOOFF. 


II 


• 


< 


rl 0-- 


Rl 


8 
P20 (PCOI 
9 
P21 (PCll 
10 
P22 (PC21 


V 
( 


)1 
MC68701U4 
Mode Control Switches 
R2 
( 
( 
( 
, , , D 
, 
D 


"Normal" 


SI 
Z 
6 
RESETlVpp 


VPP o------c>--::-' 
--C 


" T 


NDTES: 


1. Mode 0 as shown (switches closed). 
2. RI = 10 kilohms 
(typicall. 


3. The RESET time constant 
is equal to RC where 
A is the equivalent parallel resistance of R2 and 
the number 01 resistors {Rll 
placed in the cir- 
cuit by closed mode control switches. 
4. D= 
lN914, 
lN4001 
(typicall. 


5. If V= VCC, then R2= 50 ohms !typicall 
to meet 
VIH 
for 
the 
RESETlVpp 
pin 
V= ~ 
also 
compatible 
with 
MC6801U4. 
The 
RESET time 
constant in this case is approximately 
R2 xC. 


6. Switch 
51 allows selection of normal (RESETI 
or 
programming 
(Vppl 
as the 
input 
to 
the 
RESET/Vpp 
pin. During 
switching, 
the input 
level is held at a value determined 
by a diode 
{OI, 
resistor 
(R21 and input 
voltage 
(VI. 


7. While 
SI is in the "Program" 
position, 
RESET 
should not be asserted. 
8. From powerup, 
RESET must be held low for at 
least lRC- The capacitor, 
C. is shown for con- 
ceptual 
purposes only and is on the order of 
HXX) p.F for the circuit shown. Typically, 
a buf- 
fer with 
an 
RC 
input 
will 
be used 
to drive 
R'ES'IT, 
eliminating 
the 
need 
for 
the 
larger 
capacitor. 
9. Diode Vf should not exceed VMPDD 
min. 
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Multiplexed Testl Program Mode 
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l 
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0 


Registers 
MC68701U4 
SOOlF 
Mode 
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Memory 
Space 
SOO4O 
Internal 
RAM 
SOOFF 


}""'"" 
Memory 
Space 


S8FFO 
External 


S8FFF 
Interrupt Vectors(2) 


SFOOO 


• 
External 


} 
Memory 
Space 
Internal 
EPROM 


SFFFF 


NOTES: 


1) Excludes the following addresses which may be 
used externally: 
S04, S05, S06, S07, and SOF. 
21 The interrupt 
vectors 
are at S8FFO-S8FFF. 


3) There must be no overlapping 
of internal and 
external 
memory 
spaces to avoid driving the 
data bus with more than one device. 


4) This 
mode 
is used 
to 
program 
the 
on-chip 
EPROM. 


5) Modes 
5-7 
can 
be irreversibly 
entered 
from 
mode 0 by writing 
to the PCO-PC2 bits of the 
port 2 data register. 


MC68701U4 1 
Mode 


Multiplexed/RAM 
and EPROM 


SOO0Ol1l 
Internal 


S00lF 
Registers 


External 


S0040 


Memory 
Space 


Internal 


RAM 
S00FF 


c.> 


External 


I 
Memory 
Space 


ex> 
c.> 
....•. 


$FOOO 


Internal 


$FFEF 
EPROM 


SFFFO 
External 


SFFFF 
Interrupt 
Vectors 


NOTES: 


1) Excludes 
the following 
addresses 
which 
may be 


used 
externally: 
S05 and 
S07. 


21 Internal 
EPROM 
addresses 
SFFFO to SFFFF are 


not usable. 


31 Address 
lines 
A8-A 15 
will 
not 
contain 
ad- 


dresses until the data direction 
register 
for port 


4 has been written 
with" 
1s" in the appropriate 


bits. These address lines will assert "1s" 
until 


made 
outputs 
by writing 
the 
data 
direction 


register. 


SFFFO 


SFFFF 


Internal 


Registers 


External 


Memory 
Space 


Internal 


RAM 


SOOOO 


SD01F 


Internal 
Registers11, 
21 


External 
Memory 
Space 


Internal 
RAMI1I 


SFFFF 


NOTES: 
1) Relocating the internal registers and the inter- 


nal RAM 
to high memory 
allows 
the processor 


to make 
use of direct 
addressing. 


2) Excludes 
the following 
addresses 
which 
may be 


used 
externally: 
S0004 , SOO05, $0006, 
S0007 


and 
SDOOF. 


NOTE: 


, 1 Excludes 
the following 
addresses 
which 
may be 


used 
externally: 
S04, S05, SOO, S07, and 
SOF. 
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SOOOOl1l 


SOOlF 


SOO4O 


SOOFF 
SOl00 


"" 


SOl FF 


I 
(Xl 


""I\) 


SFOOO 


~~~~~} 
Internal 
~ 
Registers 
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.}}~le~nal 


External 
Memory 
Space 
'----,~---' 


} 


Internal 
EPROM 


Internal 


Interrupt 
Vectors 


NOTES: 


11 Excludes 
the 
following 
addresses 
which 
may 


not be used externally: 
S04, S06, and SOF (no 
10SI 


21 Address 
lines 
AO to A7 will 
not 
contain 
arl- 


dresses 
until the data direction 
register 
for port 


4 has been written with "ls" 
in the appropriate 


bits. 
These 
address 
lines will 
assert" 
1s" until 
made 
outputs 
by writing 
the 
data 
direction 
register. 


MC68701U4 6 


MC68701U4 7 
Mode 
Mode 


MultiplexedlPartlal 
Decode 


SOOOOl1l 
Single Chip 


SOOlF 
SOOOO 
} 
Internal 


SOO1F 
Registers 


S0040 
Unusable 


SOO4O 


} 
Internal 
$OOFF 
RAM 
$OOFF 


External 
Memory 
Space 
Unusable 


SFOOO 


Internal 
SFOOO 
l 


EPROM 
Internal 


Internal 
EPROM 
SFFFF 
Interrupt 
Vectors 
Internal 
SFFFF 
Interrupt Vectors 


NOTES: 


11 Excludes the following 
addresses which 
may be 


used externally: 
S04, $06, SOF. 


21 Address 
lines 
A8-A15 
will 
not 
contain 
ad- 


dresses 
until the data 
direction 
register 
for port 
4 has been written with "1s" in the appropriate 
bits. 
These 
address 
lines will assert" 
15" until 
made 
outputs 
by writing 
the 
data 
direction 


register. 


• 


Register 
Address 


Port 1 Data Direction 
Register··· 
00 


Port 2 Data Direction 
Register··· 
01 
Port 1 Data Register 
02 
Port 2 Data RegIster 
03 


Port 3 Data Direction 
Register·· 
* 
04" 


Port 4 Data Direction 
Register*· 
* 
05" " 
Port 3 Data Register 
06" 


Port 4 Data Register 
07* * 


Timer Control and Status RegIster 
08 
Counter 
(HIgh Byte) 
09 
Counter (Low Byte) 
OA 
Output Compare Reg,stertHigh Bytel 
OB 


Output 
Compare 
Register (Low Byte) 
OC 
Input Capture 
RegIster (High Byte) 
00 
Input Capture 
Register (Low Byte) 
OE 
Port 3 Control and Status 
Register 
OF" 


Rate and Mode Control 
Register 
10 
Transmit/Receive 
Control and Status Register 
11 
Receive Data Register 
12 


Transmit 
Data Register 
13 


RAM 
Control RegIster 
14 
Counter Alternate 
Address (High Byte) 
15 
Counter 
Alternate 
Address (Low Byte) 
16 
Timer Control Register 1 
17 


Timer Control Register 2 
18 
Ttmer Status Register 
19 
Output 
Compare 
Register 2 (High Byte) 
lA 
Output 
Compare 
Register 2 (Low Byte) 
lB 


Output 
Compare 
Register 3 (High Byte) 
lC 
Output 
Compare 
Register 3 (Low Byte) 
10 
Input Capture 
Register 2 (HIgh Byte) 
IE 
Input Capture 
Register 2 (Low Byte) 
IF 


* External addresses in modes 0, 1, 2, 3, 5, and 6; cannot be 
accessed in mode 5 (no 10S) 


* * External addresses in modes 0, 2, and 3 


•• * 1= Output, 
0= Input 


MC68701U4 
INTERRUPTS 


The M6801 Family supports 
two 
types of 
Interrupt 
re- 
quests: maskable and non-maskable. 
A non-maskable 
Inter- 


rupt IN Mil ISalways recognized and acted upon at the com- 
pletion 
of the current 
instruction. 
Maskable 
interrupts 
are 
controlled 
by the condition 
code register 
I bit and by In- 


diVidual enable bits. 
The I bit controls 
all maskable 
Inter- 


rupts. Of the maskable Interrupts, 
there are two types: IRQl 


and IRQ2. The programmable 
t,mer and sellal communica- 
tions Interface use an Internal IRQ2 Interrupt 
line, as shown 
in the block diagram. External deVices and 153 use IRQl 
An 
IRQl Interrupt 
IS serviced before IRQ2 If both are pending. 


NOTE 


After reset, an NMI will not be serviced until the flfst 
program load of the stack pOinter. Any NMI generated 
before thiS load Will be remembered by the processor 
and serviced subsequent 
to the stack pOinter load. 


All IRQ2 Interrupts 
use hardware plloritized 
vectors. 
The 
Single 5CI interrupt 
and three timer Interrupts are serviced In 
a pliolltlZed 
order and each IS vectored 
to a separate loca- 
tion. All Interrupt 
vector locations are shown In Table 5. In 
mode 0, reset and interrupt 
vectors are defined 
as SBFFO- 
SBFFF 


The Interrupt 
flowchart 
IS depicted 
In Figure 
17 and IS 


common 
to every 
interrupt 
excluding 
reset. 
Durrng 
interrupt 


serviCing, 
the 
program 
counter, 
Index 
register, 
A 
ac- 


cumulator, 
B accumulator, 
and 
condition 
code 
register 
are 
pushed to the stack. The I bit ISset to inhibit maskable Inter- 
rupts and a vector IS fetched 
corresponding 
to the current 


highest 
priollty 
interrupt. 
The vector 
is transferred 
to the 


program 
counter 
and Instruction 
execution 
is resumed. 
Inter- 


rupt and Ji"ESEi 
timing are illustrated 
in Figures 18 and 19 


Mode 0 
Modes 1-3, 5-7 


MSB 
LSB 
MSB 
LSB 
Interrupt 


BFFE 
BFFF 
FFFE 
FFFF 
RESET 


BFFC 
BFFD 
FFFC 
FFFO 
Non-Maskable 
Interrupt· 
* 
BFFA 
BFFB 
FFFA 
FFFB 
Software 
Interrupt 
BFF8 
BFF9 
FFF8 
FFF9 
Maskable 
Interrupt 
Request 1 
BFF6 
BFF7 
FFF6 
FFF7 
Input Capture Flag· 
BFF4 
BFF5 
FFF4 
FFF5 
Output 
Compare 
Flag· 


BFF2 
BFF3 
FFF2 
FFF3 
Timer Overflow 
Flag* 
BFFO 
BFFI 
FFFO 
FFFI 
Serial Communications 
Interface· 


* fR"Q'2 
interrupt 


• * NMI 
must be armed (by 
accessing stack pointer) before an 
NM1 is executed 


• 


• 


M_O 


BFFC·BFFD 


BFFA·BFFB 


BFF8-BFF9 


BFF6-BFF7 


BFF4-BFF5 


BFF2-BFF3 


BFFO-BFFl 


SCI- 
TIE-TORE+ 
RtE.(ADAF + OAFE) 


lCI-lICF1.EICll) 
+ IICF2.EICt21 
Del-tOeFl-eOCll) 
+ IOCF~EOCI2) 
+ IOCF~eOCI31 


Vector-PC 


Modea 1-3,5-7 


FFFC-FFFD 


FFFA-FFFB 


FFF8-FFF9 


FFF6-FFF7 


FFF4-FFF5 


FFF2-FFF3 


FFFO-FFFl 


Non-Maskable 
Interrupt 


Software 
Interrupt 


Maskable Interrupt 
Request 1 


Input 
Capture 
Interrupt 


Output 
Compare Interrupt 


Tm'\&f Overflow 
Interrupt 


Sel Interrupt 


3: 
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FUNCTIONAL PIN DESCRIPTIONS 


VCC AND VSS 


VCC and VSS provide 
power 
to a large portion 
of the 
MCU. The power supply should provide + 5 volts (± 5%) to 
VCC and VSS should be tied to ground. Total powerdissipa- 
tion (including 
VCC standbyl 
will not exceed Po milliwatts. 


Vcc 
STANDBY 
VCC standby provides power to the standby portion IS40 


through 
S5FI of the RAM and the STBY PWR and RAME 


bits of the RAM control 
register. Voltage 
requirements 
de- 


pend on whether the device is in a power-up or power-down 
state. In the power-up 
state, the power supply should pro- 
vide 
+5 
volts 
1±5%1 
and must 
reach VSB volts 
before 


RESET reaches 4.0 volts. During power down, VCC standby 
must remain above VSBB Iminimuml 
to sustain the standby 


RAM and STBY PWR bit. While in power-down 
operation, 
the standby current will not exceed ISBB· 


It is typical to power both VCC and VCC standby from the 
same source during normal operation. A diode must be used 
between 
them to prevent supplying 
power to VCC during 
power-down 
operation. 


XTAL1 AND EXTAL 2 


These two 
input 
pins interface 
either a crystal 
or TTL- 
compatible 
clock 
to 
the 
MCU 
internal 
clock 
generator. 


Divide-by-four 
circuitry 
is included which 
allows use of the 


inexpensive 3.58 MHz or 4.4336 MHz color burst TV crystals. 
A 20 pF capacitor 
should be tied from each crystal pin to 
ground to ensure reliable startup and operation. 
Alternative- 


ly, EXTAL2 may be driven by an external 
TTL-compatlble 
clock at 4 fo with a duty cycle of 50% I ± 5%) with XTAL 1 
connected 
ground. 


The internal oscillator is designed to interface with an AT- 


cut quartz crystal resonator 
operated 
in parallel resonance 
mode 
in the 
frequency 
range 
specified 
for 
fXTAL. 
The 
crystal should be mounted 
as close as possible to the input 
pins to minimize output 
distortion 
and startup stabilization 


time. 
The 
MCU 
is compatible 
with 
most 
commercially 
available crystals. 
Nominal crystal parameters are shown in 


Figure 20. 


RESETlVpp 
This input is used to reset the internal state of the device 
and provide an orderly startup procedure. 
During power up, 


RESET must be held below O.B volts: (1) at least tRC after 
VCC reaches 4.75 volts in order to provide sufficient 
time for 


the clock generator 
to stabilize, and (21 until VCC standby 


reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during power-up 
operation. 


This pin is also used to supply Vpp in mode 0 for program- 


ming the EPROM. 


E (ENABLE) 
This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible 
and is the slightly skewed divide- 


by-four 
result of the device input 
clock 
frequency. 
It will 
drive one Schottky 
TTL load and 90 pF, and all data given in 


cycles is referenced to this clock unless otherwise 
noted. 


NMI (NON-MASKABLE 
INTERRUPTI 
An 
NMI 
negative 
edge requests 
an MCU 
interrupt 
se- 


quence, but the current instruction 
will be completed 
before 


it responds to the request. The MCU will then begin an inter- 
rupt sequence. 
Finally, a vector is fetched from SFFFC and 
SFFFD ISBFFC and SBFFD in mode 01, transferred 
to~ 
program counter, and instruction 
execution is resumed. NMI 
typically requires a 3.3 kG (nominal) resistor to VCc. There IS 
no internal NMI pullup resistor. NMI must be held low for at 
least one E cycle to be recognized under all conditions. 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI generated 
before this load will remain pending by the processor. 


IRQl (MASKABLE 
INTERRUPT REQUEST 1) 


IRQl 
is a level-sensitive 
input which 
can be used to re- 


quest an interrupt sequence. The MPU will complete the cur- 
rent instruction 
before it responds to the request. If the inter- 


rupt mask bit II bill in the condition code register is clear, the 
MCU will begin an interrupt 
sequence. A vector is fetched 
from 
SFFFB and 
SFFF9 (SBFF8 and 
SBFF9 in mode 01, 


transferred 
to the program counter, 
and instruction 
execu- 
tion is resumed. 


IRQl 
typically 
requires 
an 
external 
3.3 
kG Inominal) 


resistor to VCC for wire-OR application. 
fRCTI has no internal 
pull up resistor. 


SCl and SC2 (STROBE CONTROL 1 AND 2) 
The function 
of SCl and SC2 depends on the operating 
mode. SCl 
is configured 
as an output 
in all modes except 
single-chip 
mode, whereas 
SC2 is always an output. 
SCl 
and SC2 can drive one Schottky 
load and 90 pF. 


SCl AND SC2 IN SINGLE-CHIP 
MODE - 
In single-chip 


mode, SCl and SC2 are configured 
as an input and output, 


respectively, 
and both function 
as port 3 control 
lines. SCl 


functions as IS3 and can be used to indicate that port 3 input 
data is ready or output 
data has been accepted. 
Three op- 


tions associated with IS3 are controlled 
by the port 3 control 


and status register and are discussed in the port 3 descrip- 
tion; refer to P30-P37 (PORT 3). If unused, 
IS3 can remain 


unconnected. 
SC2 is configured 
as OS3 and can be used to strobe out- 
put data or acknowledge 
input data. It is controlled 
by out- 
put strobe 
select (OSS) 
in the port 3 control 
and status 


register. The strobe is generated by a read lOSS = 01 or write 
lOSS = 1) to the port 3 data register. OS3 timing is shown in 
Figure 3. 


SCl 
AND 
SC2 
IN 
EXPANDED 
NON-MULTIPLEXED 
MODE - 
In the expanded non-multiplexed 
mode, both SC1 
and SC2 are configured 
as outputs. 
SCl 
functions 
as in- 


put/output 
select IIOS) and is asserted only when 
SOl00 
through 
SOlFF is sensed on the internal address bus. 
SC2 is configured 
as read/write 
and is used to control the 
direction 
of data bus transfers. 
An 
M PU read is enabled 
when read/write 
and E are high. 


SCl AND SC2 IN EXPANDED 
MULTIPLEXED 
MODE - 


In the expanded multiplexed 
modes, both SCl and SC2 are 
configured 
as outputs. 
SC1 functions 
as address strobe and 
can be used to demultiplex 
the eight least significant 
ad- 
dresses and the data bus. A latch 
controlled 
by address 
strobe captures the lower address on the negative edge, as 
shown in Figure 13. 


3.58 MHz 
4.00 MHz 
5.0 MHz 


RS 
600 
500 
30-500 


CO 
3.5 pF 
65 pF 
4-6 pF 


Cl 
0.015 pF 
0.025 pF 
0.01-002 pF 


Q 
>40 K 
>30K 
>20K 


• 


NOTE 


TTL-compatlble 
oscillators may be 


obtained from 


Motorola 
Component 
Products 
Aun 
Crystal Clock Oscillators 
2553 N Edgington St 


Frank.lln Park. IL 60131 
Tel: 312-451-1000 
Telex: 433-0067 


IRC 
Oscillator 
Stabilization 
Time.IRC 


• 


SC2 is configured as read/write and is used to control the 
direction 
of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


P1O-P17(PORT 1) 


Port 1 is a mode independent 8-bit I/O and timer port. 


Each line can be configured as either an input or output as 
defined by the port 1 data direction register. Port 1 bits 0, 1, 
and 21PlO, Pll, 
and P121can also be used to exercise one 


input edge function and two output compare functions of 
the timer. The TTL compatible three-state buffers can drive 
one Schottky TTL load and 30 pF, Darlington transistors, or 
CMOS devices using external pullup resistors. It is con- 
figured as a data input port during RESET. Unused pins can 


remain 
unconnected. 


P2Q-P24(PORT 2) 


Port 2 is a mode-independent, 
5-bit, 
multipurpose 
I/O 


port. The voltage levels present on P20, P21, and P22on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it is tied to the timer output compare 1 function and can- 
not be used to provide output from the port 2 data register 
unless output 
enable 1 IOE1) is cleared in timer control 
register 1 


Port 2 can also be used to provide an interface for the 
serial communications 
interface and the timer input edge 


function. 
These configurations 
are described in SERIAL 
COMMUNICATIONS 
INTERFACE and PROGRAMMABLE 
TIMER. 


The port 2 three-state TTL-compatible output buffers are 
capable of driving one Schottky 
TTL load and 30 pF, or 


CMOS devices using external pullup resistors. 


PORT 2 DATA 
REGISTER 


4 


P30-P37 (PORT 3) 


Port 3 can be configured as an I/O port, a bidirectional 
8-bit data bus, or a multiplexed address/ data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky 
TTL load and 90 pF. 
Unused 
lines can 
remain 
unconnected. 


PORT 3 IN SINGLE-CHIP MODE - 
Port 3 is an 8-bit I/O 


port in the single-chip mode with each line configured by the 
port 3 data direction register. There are also two lines, 153 
and OS3, which can be used to control port 3 data transfers. 


Three port 3 options are controlled by the port 3 control 


and status 
register and are available only in single-chip 
mode: 1) port 3 input data can be latched using 153ISClI as 
a control signal, 2) OS3ISC2) can be generated by either an 
MPU read or write to the port 3 data register, and 3) an IRQl 
interrupt can be enabled by an 153 negative edge. Port 3 
latch timing is shown in Figure 4. 


Bits 0-2 


Bit 3 
Not used. 
Latch Enable - 
This bit controls the input latch for 


port 3. If set, 
input 
data is latched by an IS3 


negative edge. The latch is transparent after a read 
of the port 3 data register. Latch enable is cleared 
during reset. 
OSS (Output Strobe Select) - 
This bit determines 
whether OS3 will be generated by a read or write of 
the port 3 data register. When clear, the strobe is 
generated by a read; when set, it is generated by a 
write. 055 
is cleared during reset. 


Not used. 
IS3 IRQ1 Enable - 
When set, an IRQl interrupt 


will be enabled whenever the 153 flag is set; when 
clear, the interrupt is inhibited. This bit is cleared 
during reset. 


IS3 Flag - 
This read-only status bit is set by an 153 
negative edge. It is cleared by a read of the port 3 
control 
and status 
register 
Iwith 
153 flag 
sell 
followed 
by a read or write 
to the port 3 data 
register or during reset. 


PORT 3 IN EXPANDED NON-MULTIPLEXED 
MODE 
Port 3 is configured as a bidirectional data bus ID7-DO) in the 
expanded 
non-multiplexed 
mode. 
The direction 
of 
data 


transfers is controlled by read/write 
ISC21. Data is clocked 


by E tenable). 


PORT 3 IN EXPANDED MULTIPLEXED MODE - 
Port 3 is 
configured as a time multiplexed address tA7-AO) and data 
bus ID7-DOI in the expanded multiplexed mode where ad- 
dress strobe IAS) can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid ad- 
dress and data to prevent bus conflicts. 


P4D-P47(PORT 4) 


Port 4 is configured as an 8-bit I/O port, as address out- 


puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF, and is the 
only port with internal pullup resistors. Unused lines can re- 


main 
unconnected. 


PORT 4 IN SINGLE-CHIP MODE - 
In single-chip mode, 


port 4 functions 
as an 8-bit I/O port with each line con- 


figured by the port 4 data direction register. Internal pullup 
resistors allow the port to directly interface with CMOS at 
5-volt levels. External pullup resistors to more than 5 volts, 
however, cannot be used. 


PORT 4 IN EXPANDED NON-MULTIPLEXED 
MODE 


Port 4 is configured from reset as an 8-bit input port where 
the port 4 data direction register can be written 
to provide 
any or all of eight address lines AO to A7. Internal pullup 
resistors pull the lines high until the port 4 data direction 
register is configured. 


PORT 41N EXPANDED MULTIPLEXED 
MODE - 
In all ex- 
panded multiplexed 
modes except 
modes 1 and 6, port 4 
functions 
as half of the address bus and provides A8 to A 15. 


In modes 1 and 6, the port is configured 
from reset as an 
8-bit 
parallel 
input 
port 
where 
the 
port 4 data direction 
register can be written 
to provide any or all of upper address 


lines A8 to A15. Internal pullup resistors pull the lines high 
until the port 4 data direction register is configured 
where bit 
o controls 
A8. 


RESIDENT 
MEMORY 


The MC68701U4 has 192 bytes of on-chip 
RAM and 4096 
bytes of on-chip 
UV erasable EPROM. This memory is con- 
trolled by four bits in the RAM/EPROM 
control Iegister. 


Thirty-two 
bytes of the RAM are powered 
through 
the 
VCC standby 
pin and are maintainable 
during VCC power- 


down. This standby portion of the RAM consists of 32 bytes 
located from $40 through 
$5F. 


Power must be supplied 
to VCC standby 
if the internal 
RAM 
is to be used, regardless of whether 
standby 
power 
operation 
is anticipated. 


The 
RAM 
is controlled 
by 
the 
RAM/EPROM 
control 
register. 


RAM/EPROM 
CONTROL REGISTER ($14) 


The 
RAM/EPROM 
control 
register 
includes 
four 
bits: 
STBY 
PWR, 
RAME, 
PLC, and PPC. Two 
of these bits, 


STBY PWR and RAME, are used to control RAM access and 
determine the adequacy of the standby power Source during 
power-down 
operation. 
It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down 
procedure. 


RAME and STBY PWR are read/write 
bits. 
The remaining two bits, PLC and PPC, control the opera- 


tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in mode O. The PLC bit can be writ- 
ten without 
restriction 
in mode 0, but operation of the PPC 
bit is controlled 
by the state of PLC. 


Associated with the EPROM are an 8-bit data latch and a 


16-bit address latch. The data latch is enabled at all times, 
latching each data byte written 
to the EPROM. The address 
latch is controlled 
by the PLC bit. 


A 
description 
of 
the 
RAM/EPROM 
control 
register 


follows. 


Bit 0 
Programming 
Latch Control 
(PLCI. 
This bit con- 


trols the latch which captures the EPROM address 
to be programmed 
and whether the PCC bit can be 
cleared. The latch is triggered by an MPU write to a 
location in the EPROM. This bit is set during reset 
and can be cleared only in mode O. The PLC bit is 
defined as follows: 
PLC= 0- 
EPROM address latch enabled; 
EPROM 
address is latched during MPU writes to 
the EPROM. 


PLC= 1- EPROM address latch is transparent. 


Programming 
Power Control (PPCI. This bit gates 


power 
from 
the RESETlVpp 
pin to the EPROM 


programming 
circuit. 
PPC is set during 
reset and 
whenever the PLC bit is set. It can be cleared only if 
operating in mode 0, and if PLC has been previous- 
ly cleared. The PPC bit is defined as follows: 
PPC= 0- 
EPROM 
programming 
power 
IVpp) 
applied. 
PPC= 1- EPROM 
programming 
power 
(Vpp) 
is 
not applied. 


Unused. 


RAM Enable (RAMEL 
This read/write 
bit can be 
used to remove the entire RAM from the internal 
memory map. RAME is set (enabled) during reset 
provided standby power is available on the positive 
edge of reset. If RAME is clear, any access to a 
RAM address is external. If RAME is set, the RAM 
is included in the internal map. 


Standby 
Power 
(STBY 
PWR). 
This 
bit 
is 
a 


read/write 
status bit which when cleared indicates 
that VCC standby has decreased sufficiently 
below 
VSBB 
(minimum) 
to 
make data 
in the 
standby 
RAM suspect. It can be set only by software and is 
not affected 
during reset. 


Bit 2-5 


Bit 6 


Note 
that 
if 
PPC and 
PLC are set, 
they 
cannot 
be 
simultaneously 
cleared with a single MPU write. The PLC bit 
must be cleared prior to attempting 
to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 
it is assumed that Vpp 
is applied to the RESET/Vpp 
pin 


whenever 
PCC is clear. If this is not the case, the result is 
undefined. 


ERASING THE MC68701U4 EPROM 


Ultraviolet 
erasure will clear all bits of the EPROM to the 
zero state. The MC68701 U4 EPROM is programmed 
by eras- 


ing it to zeros and entering 
ones into the desired bit loca- 


tions. 


The MC6870lU4 
EPROM can be erased by exposure 
to 


high intensity 
ultraviolet 
light with 
a wave length of 2537 
angstroms for a minimum of 30 minutes. The recommended 
integrated dose (ultraviolet 
intensity 
times exposure time) is 


15 watts/centimeter. 
The lamps should 
be used without 


shortwave 
filters, 
the 
MC6870lU4 
should 
be 
positioned 


about 
one inch away from 
the ultraviolet 
tubes, 
and the 


transparent 
lid should not be covered. 


The MC68701U4 transparent 
lid should always be covered 


after 
erasing. 
This 
protects 
both 
the 
EPROM 
and 
light- 
sensitive nodes from accidental exposure to ultraviolet 
light. 


PROGRAMMING 
THE MC68701U4 EPROM 


When the MC68701U4 is released from reset in mode 0, a 
vector is fetched from location $BFFE:$BFFF. This provides 
a method 
for an external program 
to obtain control 
of the 


microcomputer 
with access to every location in the EPROM. 
To program 
the EPROM, it is necessary to operate the 


MC68701U4 in mode 0 under the control of a program resi- 
dent in external memory which can facilitate loading and pro- 
gramming of the EPROM. After the pattern has been loaded 


• 


• 


into external memory, the EPROM can be programmed as 
follows: 


a. Apply programming power IVpp) to the RESETlVpp 
pin. 
b. Clear the PLC control bit and set the PPC bit by writing 
SFE to the RAM/ EPROM control register. 


c. Write data to the next EPROM location to be program- 


med. Triggered by an MPU write to the EPROM, inter- 
nal latches capture both the EPROM address and the 
data byte. 
d. Clear the PPC bit for programming time. tpp• by writing 
SFC to the RAM/ EPROM control register and waiting 
for time. tpp. This step gates the programming power 
IVpp) from the RESETlVpp 
pin to the EPROM which 
programs the location. 


e. Repeat steps b through d for each byte to be program- 


med. 
f. 
Set the 
PLC and PPC bits by writing 
SFF to the 


RAM/EPROM control register. 


g. Remove the 
programming 
power 
IVppl 
from 
the 


RESETIVpp 
pin. The EPROM can now be read and 
verified. 
Because the erased state of an EPROM byte is SOO,it is not 
necessary to program a location which is to contain SOO. 
Finally. it should be noted that the result of inadvertently 
programming a location more than once is the logical OR of 
the data patterns. 


PROGRAMMABLE 
TIMER 


The 
programmable 
timer 
can 
be 
used 
to 
perform 
measurements on two separate input waveforms while in- 
dependently 
generating 
three 
output 
waveforms. 
Pulse 
widths 
can 
vary 
from 
several 
microseconds 
to 
many 
seconds. A block diagram of the timer is shown in Figure 21. 
COUNTER ISOO:0A),(S15, S16) 
The key timer element is a 16-bit free-running counter 
which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: in mode 0 a write to the 
counter (SOO)will preset it to SFFFB.This feature, intended 
for testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. The TOF bit is set 
whenever the counter contains all ones. If ETOI is set, an in- 
terrupt will occur when the TOF is set. The counter may also 
be read at S15 and S16 to avoid inadvertently clearing the 
TOF. 


OUTPUT 
COMPARE 
REGISTERS 
ISOB:OCI. (S1A:1Bl, 


(SlC:lO) 


The three output compare registers are 16-bit read/write 


registers. each used to control an output waveform or pro- 
vide an arbitrary time-out flag. They are compared with the 
free-running counter during the negative half of each E cy- 
cle. When a match occurs, the corresponding output com- 
pare flag IOCF) is set and the corresponding 
output 
level 
IOLVLI is clocked to an output level register. If both the cor- 
responding output enable bit and data direction register bit 
are set, the value represented in the output level register will 
appear on the corresponding port pin. The appropriate OLVL 
bit can then be changed for the next compare. 
The function is inhibited for one cycle after a write to its 


high byte (SOB.SlA. or SlC) to ensure a valid compare after 
a double byte write. Writes can be made to either byte of the 
output compare register without 
affecting 
the other byte. 


The OLVL 
value will 
be clocked 
out 
independently 
of 


whether the OCF had previously been cleared. The output 
compare registers are set to SFFFF during reset. 


INPUT CAPTURE REGISTERS (SOD:OEI,(SlE:1F) 


The 
two 
input 
capture 
registers are 16-bit 
read-only 


registers used to store the free-running 
counter when a 
"proper" 
input 
transition 
OccurS as defined 
by the cor- 


responding input edge bit lIEDG1 or IEDG2). The input pin's 
data direction register should be configured as an input, but 
the edge detect circuit always senses P10 and P20 even 
when configured as an output. 
The counter value will be 


latched 
into 
the 
input 
capture 
registers on the 
second 
negative edge of the E clock following the transition. 
An input capture can occur independently 
of ICF; the 
register always contains the most current value. Counter 
transfer is inhibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at least two E 
cycles to ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTERS 


Four registers are used to provide the MC68701U4 with 
control and status information about the three output com- 
pare functions. the timer overflow function, and the two in- 
put edge functions of the timer. They are: 


Timer Control and Status Register (TCSR) 
Timer Control Register 1 (TCR1) 
Timer Control Register 2 ITCR2) 
Timer Status Register (TSR) 


• 


• 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) 


1$08) - 
The timer control 
and status register IS an 8-bit 


register of which all bits are readable, while only bits 0-4 can 
be written. 
All the bits in this register are also accessible 
through the two timer control registers and the timer status 
register. The three most significant 
bits provide the timer 
status and indicate if: 
1 a proper level transition has been detected at P20, 
2. a 
match 
has 
occurred 
between 
the 
free-running 
counter and output compare register I, or 
3. the free-running counter has overflowed. 
Each of the three events can generate ~n IR02 Interrupt 
and is controlled by an indiVidual enable bit In the TCSR. 


TIMERCONTROLAND STATUS REGISTER 


76543210 


I,CFl I OCFl I TOF I EICll I EDCIl I ETOI!IEDGI IOLVLlI 
SOO 


Bit 0 
Output Levell 
- 
OLVL 1 ISclocked to output level 
register I by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register ISset and the OE1 control bit in timer con- 
trol 
register 
1 IS set. 
OLVLl 
and output 
level 
register 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER I (TCRll 
($171. 


Bit 1 
Input Edge 1 - 
IEDG1 IScleared dUring reset and 
controls which level transition on P20 will trigger a 


counter 
transfer 
to Input 
capture 
register 
1 
IEDG1= 0 transfer on a negative-edge 
IEDG1= 1 transfer on a posItive-edge 


Refer to TIMER CONTROL REGISTER 1 (TCRll 
1$171 


Bit 2 
Enable Timer Overflow Interrupt 
- 
When set, an 
IR02 Interrupt Will be generated when the timer 
overflow flag ISset; when clear, the Interrupt ISIn- 
hibited. 
ETOI IS cleared dUring reset. 
Refer to 


TIMER CONTROL REGISTER 2 (TCR21 ($18). 


Bit 3 
Enable Output Compare Interrupt 1 - 
When set, 
an IR02 interrupt 
Will be generated when output 


compare 
flag 
1 15set; when 
clear, 
the Interrupt 
IS In- 


hibited. 
EOCII IS cleared dUring reset. Refer to 


TIMER CONTROL REGISTER 2 (TCR2) 1$181. 


Bit 4 
Enable Input Capture Interrupt I - 
When set, an 
IR02 Interrupt Will be generated when Input cap- 
ture flag 1 IS set; when clear, the Interrupt IS in- 
hibited. 
EICll 
IS cleared dUring reset. 
Refer to 


TIMER CONTROL REGISTER 2 (TCR2) 1$181. 


Bit 5 
Timer Overflow Flag - 
The TOF IS set when the 
counter contains all ones (SFFFFI. It is cleared by 
reading the TCSR or the TSR (with TOF setl and 
the counter high byte (SOOI,or dUring reset. Refer 
to TIMER STATUS REGISTER (TSRI ($191. 


Bit 6 
Output Compare Flag 1 - 
OCF1 ISset when output 
compare 
register 
1 
matches 
the 
free-running 
counter. OCFl IS cleared by reading the TCSR or 
the TSR (with OCFl set) and then Writing to output 
compare register 1 (SOBor SOC),or dUring reset. 
Refer to TIMER STATUS REGISTER ITSRI 1$191 


Bit 7 
Input Capture Flag - 
ICFl ISset to Indicate that a 
proper level transition has occurred; It IScleared by 
reading the TCSR or the TSR (with ICFl set) and 
the input capture register 1 high byte (SODI.or dur- 
Ing reset. Refer to TIMER STATUS 
REGISTER 
(TSR) (S19) 


TIMER CONTROL REGISTER 1 (TCRll 
($17) - 
Timer 
control register 1 is an 8-bit read/Write register which con- 
tains the control bits for interfacing the output compare and 
input capture registers to the corresponding I/O pins. 


TIMERCONTROLREGISTER1 


6543210 


IOE3 I OE2 I OEl jlEDG211EDG1IOLVL310LVL21oLVLlI S17 


Bit 0 
Output Levell 
- 
OLVL 1 is clocked to output level 
register 1 by a successful output compare and Will 
appear at P21if 
bit 1 of the port 2 data direction 
register ISset and the OE1 control bit ISset. OLVL 1 
and output level register 1 are cleared dUring reset. 
Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSRI ($08) 


Bit 1 
Output Level 2 - 
OLVL2 ISclocked to output level 
register 2 by a successful output compare and Will 
appear at Pll 
If bit 1of port 1data direction register 
ISset and the OE2control bit ISset. OLVL2 and out- 
put level register 2 are cleared dUring reset. 


Bit 2 
Output Level 3 - 
OLVL3 ISclocked to output level 
register 3 by a successful output compare and will 
appear at P12if bit 2 of port 1data direction register 
ISset and the OE3control bit ISset. OLVL3 and out- 
put level register 3 are cleared dUring reset. 


Bit 3 
Input Edge 1 - 
IEDG1 IScleared dUring reset and 
controls which level transition on P20 Will trigger a 


counter 
transfer 
to Input 
capture 
register 
1. 


IEDG1= 0 transfer on a negative-edge 
IEDGI = 1 transfer on a ppsitlve-edge 


Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSRI ($081. 


Bit 4 
Input Edge 2 - 
IEDG2 is cleared dUring reset and 
controls which level transition on Pl0 Will trigger a 
counter transfer to Input capture register 2. 


IEDG2= 0 transfer on a negative-edge 
IEDG2= 1 transfer on a positive-edge 


Bit 5 
Output 
Enable 1 - 
OEI is set during reset and 
enables the contents of output level register 1 to be 
connected to P21 when bit 1 of port 2 data direc- 


tion 
register 
IS set. 


OE1= 0 port 2 bit 1 data register output 
OE1= 1 output level register 1 


Bit 6 
Output Enable 2 - 
OE2 is cleared during reset and 


enables the contents of output level register 2 to be 
connected to Pl1 when bit 1 of port 1 data direc- 


tion 
register 
IS set. 


OE2=0 port 1 bit 1 data register output 
OE2= 1 output level register 2 


Bit 7 
Output Enable 3 - 
OE3 IScleared during reset and 
enables the contents of output level register 3 to be 
connected 
to P12 when bit 2 of port 1 data direc- 


tion 
register 
IS set 
OE3 = 0 port 1 bit 2 data register output 
OE3= 1 output 
level register 3 


TIMER 
CONTROL 
REGISTER 2 (TCR2) (S18) - 
Timer 
control register 2 ISan 8-blt read/wllte 
register lexcept bits 0 
and 11which enable the rnterrupts associated with the free- 
running counter, 
the output compare registers, and the Input 


capture registers. 
In test mode 0, two more bits Iclock and 
testl are available for checkrng the timer. 


TIMER CONTROLREGISTER2 
(Non-Test Modes) 


7 
6 
543 
2 


IEIC'2 I E'CI1I EOCI3! EOCI21EOCll I ETOI 


Bits 0-1 
Read-Only Bits - 
When read, these bits return a 
value of 1 Refer to TIMER CONTROL REGISTER 2 
(Test Model. 


Bit 2 
Enable Timer Overflow 
Interrupt 
- 
When set, an 
IRQ2 Interrupt 
will 
be generated 
when 
the timer 
overflow 
flag ISset; when clear, the Interrupt ISIn- 


hibited. 
ETOI IS cleared 
dUling 
reset. 
Refer 
to 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
ITCSR) ISOO) 


Enable Output 
Compare Interrupt 
1 - 
When set, 
an IRQ2 Interrupt 
will be generated when the out- 


put compare flag 1 ISset; when clear, the Interrupt 
IS Inhibited. 
EOCll IScleared dUling reset. Refer to 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
ITCSRI 
ISOO) 


Bit 4 
Enable Output 
Compare Interrupt 
2 - 
When set, 
an IRQ2 Interrupt will be generated when the out- 
put compare flag 2 ISset; when clear, the Interrupt 
IS Inhibited. 
EOCI2 IS cleared dUling reset. 


Bit 5 
Enable Output 
Compare Interrupt 
3 - 
When set, 
an IRQ2 rnterrupt will be generated when the out- 
put compare flag 3 ISset; when clear, the Interrupt 
IS Inhibited. 
EOCI3 IScleared dUling reset 


Bit 6 
Enable Input Capture Interrupt 
1 - 
When set, an 
IRQ2 Interrupt 
will 
be generated 
when 
the input 


capture 
flag 
1 1$ set; when 
clear, 
the interrupt 
IS in- 
hibited. 
EICll 
IS cleared 
dUling 
reset. 
Refer to 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
ITCSR) ISOO!. 


Bit 7 
Enable Input Capture Interrupt 
2 - 
When set, an 
IRQ2 interrupt 
will 
be generated 
when 
the Input 
capture flag 2 is set; when clear, the rnterrupt ISIn- 
hibited. 
EICI2 IScleared during reset. 


The limer test bits Itest and clockl allow the free-running 
counter to be tested as two separate 8-blt counters to speed 


testing 


TIMER CONTROLREGISTER2 
(Test Mode) 


76543210 


IEICI2 I EICII I EOCI31EOCI21EOCI1I ETO' I TESTICLOCKI $18 


Bit 0 
CLOCK 
- 
The CLOCK control 
bit selects which 
half of the 
16-brt free-runnrng 
counter 
IMS8 
or 
LSBI should be clocked With E. The CLOCK bit ISa 
read/wllte 
bit only 
rn mode 0 and IS set dUling 
reset. 


CLOCK = 0 - 
Only the eight most significant 
bits 
of the free-running 
counter run With TEST = 0 
CLOCK = 1 - 
Only the eight least Significant bits 


of 
the 
free-running 
counter 
run 
when 
TEST= 0 


81t 1 
TEST - 
the TEST control bit enables the timer test 
mode. TEST ISa read/wllte 
bit rn mode 0 and ISset 
dUling reset 
TEST = 0 - 
Timer test mode enabled' 
al The timer LSB latch IS transparent which 
allows the LSB to be read rndependently 
of the MS8. 
b) Either the MSB or the LSB of the limer IS 
clocked by E, as defrned by the CLOCK 
bit. 


TEST = 1 - 
Timer test mode disabled. 


Bits 2-7 
See TIMER 
CONTROL 
REGISTER 
2 (Non-Test 
Modes). 
!These bits function 
the same as In the 
non-test 
modes.) 


TIMER 
STATUS 
REGISTER (TSRI 
(S19) - 
The timer 


status 
register 
IS an 8-blt 
read-only 
register 
which 
contains 


the flags associated With the free-runnrng 
counter, 
the out- 


put compare 
registers, 
and 
the 
Input 
capture 
registers. 


TIMER STATUS REGISTER 


7 
6 
5 
4 
~ 


IICF2 IleFl 
I OCF3j OCF2! OCFl I TOF 


Timer Overflow 
Flag - 
The TOF IS set when 
the 
counter 
contarns all ones ISFFFFI. It IS cleared by 
reading the TSR or the TCSR (with TOF setl and 
then the counter 
high byte IS09I. or dUllng reset. 


Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) (SOO!. 


Output Compare Flag 1 - 
OCF1 ISset when output 


compare 
regIster 
1 
matches 
the 
free-running 
counter 
OCF1 IScleared by reading the TSR or the 
TCSR IWlth OCF1 setl and then Willing 
to output 
compare 
register 
1 ISOB or SOCI, or dUling reset. 


Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) IS08!. 


Output Compare Flag 2 - 
OCF2 ISset when output 
compare 
register 
2 
matches 
the 
free-running 
counter. 
OCF2 IScleared by reading the TSR IWlth 
OCF2 setl 
and then 
writing 
to output 
compare 
register 2 ISlA 
or S1BI, or dUling reset. 


Output Compare Flag 3 - 
OCF3 ISset when output 
compare 
register 
3 
matches 
the 
free-running 
counter. 
OCF3 IScleared by readrng the TSR (With 
OCF3 setl 
and then 
wilting 
to 
output 
compare 
register 3 IS1C or SlDl, 
or dUling reset. 


Input Capture Flag 1 - 
ICF1 is set to Indicate that a 


proper 
level transition 
has occurred; 
It IS cleared 
by 
readrng the TSR or the TCSR (With ICF1 setl and 
the Input capture register 1 high byte ISOD!, or dur- 
Ing 
reset. 
Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) ISOO) 


• 


tJlt I 
Input Capture Flag 2 - 
ICF2 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TSR Iwith ICF2 setI and the input cap- 
ture register 2 high byte IS1EI, or during reset. 


SERIAL 
COMMUNICATIONS 
INTERFACE 


A full-duplex asynchronous serial communications 
inter- 
face ISCII is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally 
in- 
dependent but use the same data format and bit rate. Serial 
data formats include standard mark/space 
INRZI and bl- 


phase and both provide one start bit, eight data bits, and one 
stop bit. "Baud" 
and "bit 
rate" are used synonymously in 
the follOWing description. 


WAKE-UP FEATURE 


In a typical serial loop multiprocessor configuration, 
the 
software protocol will usually identify the addresseelsl at the 
beginning of the message. In order to permit uninterested 
MPUs to ignore the remainder of the message, wake-up 
feature is included whereby all further SCI receiver flag land 
interrupti 
processing can be inhibited until its data line goes 
Idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive ones or during reset. Software must provide for 


the required idle string between consecutive messages and 
prevent it within messages. 


PROGRAMMABLE OPTIONS 


The following features of the SCI are programmable: 


• 
Format: standard mark/space INRZI or bi-phase 


• 
Clock: external or internal bit rate clock 


• 
Baud: one of eight per E clock frequency or external 
clock I x 8 desired baudl 


• 
Wake-Up Feature: enabled or disabled 


• 
Interrupt Requests: enabled individually for transmitter 


and 
receiver 


• 
Clock Output: internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS 
REGISTERS 


The serial communications 
interface 
includes 
four 
ad- 


dressable registers as depicted in Figure 22. It is controlled 
by 
the 
rate 
and 
mode 
control 
register 
and 
the 
transmit/receive control and status register. Data is transmit- 
ted and received utilizing a write-only transmit register and a 
r~ad-only receive register. The shift registers are not accessi- 
ble to software. 


Bit 7 
Rate and Mode Control Register 
Bit a 
El 
~$'O 


Clock 
Bit 
2 


RATE AND MODE CONTROL REGISTER IRMCR) ($10) 


- 
The rate and mode control 
register controls 
the SCI bit 
rate, format, 
clock source, and under certain conditions, 
the 
configuration 
of P22. The register consists of five write-only 
bits which are cleared dUring reset. The two least significant 
bits In conjunction 
with bit 7 control the bit rate of the Inter- 


nal clock and the remaining two bits control 
the format and 
clock source. 


RATE AND MODE CONTROL REGISTER 


43210 


X I CCl I CCO I 551 I 550 I $10 


Bit l:Bit 
0 
SSl:SS0 
Speed Select - 
These two bits select 
the baud when 
using the internal 
clock. 
Eight 
rates may be selected (in conjunction 
with bit 71 
which are a function 
of the MCU input frequen- 


cy. 
Table 6 lists bit time and rates for three 
selected MCU frequencies. 


Bit 3: Bit 2 
CCI :CCO Clock Control 
and Format Select 
- 
These two bits control the format and select the 
senal clock source. If CCl ISset, the DDR value 


Bits 4-6 


Bit 7 


for P22 ISforced to the complement 
of CCOand 
cannot be altered until CCl IScleared. If CCl is 
cleared after having been set, its DDR value is 
unchanged. 
Table 7 defines the formats, 
clock 
source, and use of P22. 


Not used. 


EBE Enhanced Baud Enable - 
EBE selects the 
standard MC6801 baud rates when clear and the 
additional 
baud rates when set !Table 61. This 
bit is cleared by reset and is a write-only 
control 
bit. 


EBE= 0 standard MC6801 baud rates 
EBE= 1 additional 
baud rates 


If both CCl and CCOare set, an external TTL-compatlble 
clock 
must be connected 
to P22 at eight 
times 18x I the 
desired bit rate, but not greater than E, with a duty cycle of 
50% I ± 10% l. If CCl :CCO= 10, the Internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


NOTE 


The source of SCI internal bit rate clock is the timer 
free-running 
counter. 
An MPU write to the counter In 
mode 0 can disturb serial operations. 


410- 
2.4576MHz 
4.0 MHz 
4.9t52 MHz 
EBE 
5St:5S0 
614.4 kHz 
1.0 MHz 
1.2288MHz 
E 
Baud 
Time 
Baud 
Time 
Baud 
Time 


0 
0 
0 
+ 16 
3B4OO.0 
26 "s 
625000 
160 "s 
76800.0 
13.0"s 
0 
0 
1 
+ 128 
48000 
208.3"s 
78125 
1280 "s 
9600.0 
1042 "s 
0 
1 
0 
+ 1024 
6000 
167 ms 
976.6 
1024 ms 
1200.0 
8333 "s 
0 
1 
1 
4096 
1500 
667 ms 
244.1 
4.096 ms 
3000 
3.33 ms 
1 
0 
0 
+64 
96000 
1042"s 
15625.0 
64 "s 
19200.0 
52 0 "s 
1 
0 
1 
+256 
2400.0 
416.6"s 
39063 
256"s 
48000 
208.3"s 
1 
1 
0 
+512 
1200.0 
833.3 "s 
1953.1 
512"s 
24000 
416.6 "s 
1 
1 
1 
+2048 
3000 
3.33 ms 
488.3 
2.05 ms 
600.0 
0167 ms 


ExternalIP221* 
76800.0 
13.0"s 
125000.0 
80 "$ 
1536000 
6.5 "$ 


Clock 
Port 2 
CC1:CCO 
Format 
Source 
Bi.2 


00 
Bi-Phase 
Internal 
Not Used 
01 
NRZ 
Internal 
Not Used 
10 
NRZ 
Internal 
Output 


11 
NRZ 
External 
Input 


• 


• 


TRANSMIT/RECEIVE 
CONTROL 
AND 
STATUS 
REGISTER (TRCSR) ($11) - 
The transmit/receive 
control 
and status register controls the transmitter, receiver, wake- 
up feature, and two individual interrupts, and monitors the 
status of serial operations. All eight bits are readable while 
bits 0 to 4 are also writable. The register is initialized to $20 
by RESET. 


TRANSMIT/RECEIVE 
CONTROL 
AND 
STATUS 
REGISTER 


7 
6 
5 
4 
320 


IRDRF 
I OAFE ITORE I RIE 
I 
RE 
I 
TIE I 
TE 
I 
WU 
I 
$11 


Bit 0 
"Wake-Up" 
on Idle Line - 
When set, WU enables 
the wake-up 
function; 
It is cleared by ten con- 
secutive ones or during reset. WU will not be set if 
the line is idle. Refer to WAKE-UP FEATURE. 


Transmit Enable - 
When set. P24 OOR bit is set, 


cannot be changed, and will remain set if TE is 
subsequently cleared. When TE is changed from 
clear to set, the transmitter is connected to P24and 
a preamble of nine consecutive ones is transmitted. 
TE is cleared during reset. 


Transmit Interrupt Enable - 
When set, an IRQ2 is 
set; when clear, the interrupt 
is inhibited. 
TE is 
c1ea'redduring reset. 


Receive Enable - 
When set, the P23 OOR bit is 
cleared, cannot be changed, and will remain clear if 
REis subsequently cleared. While REis set, the SCI 
receiver is enabled. RE is cleared during reset. 


Receiver Interrupt Enable - 
When set. an IRQ2 in- 


terrupt is enabled when RORF and/or ORFE is set; 
when clear, the interrupt is inhibited. RIE is cleared 
during reset. 


Transmit Data Register Empty - 
TORE is set when 


the transmit data register is transferred to the out- 
put serial shift register or during reset. It IScleared 
by reading the TRCSR (with TORE setl and then 
writing 
to the transmit 
data register. 
Additional 
data will be transmitted 
only if TORE has been 
cleared. 


Overrun Framing Error - 
If set, ORFE indicates 
either an overrun or framing error. An overrun is a 
new byte ready to transfer to the receiver data 
register with RORFstill set. A receiver framing error 
has occurred when the stop bit (1) is not found in 
the tenth bit time. An overrun can be distinguished 
from a framing error by the state of RORF: if RORF 
is set, then an overrun has occurred; otherwise, a 
framing 
error 
has been detected. 
Data 
is not 
transferred to the receive data register in an over- 
run condition. Unframed data causing a framing er- 
ror 
is transferred 
to 
the 
receive data 
register. 


However, subsequent data transfer is blocked until 
the framing error flag is cleared. ORFE is cleared by 
reading the 
TRCSR (with 
ORFE setl 
then 
the 


receive data register, or during reset. 


Bit 7 
Receive Data Register Full - 
RORF ISset when the 
input serial shift register is transferred to the receive 
data register, or during reset. 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the 


rate 
and 
mode 
control 
register 
and 
then 
to 
the 


transmit/receive control and status register. When TE is set, 
the output of the transmit serial shift register is connected to 
P24 and serial output 
is Initiated 
by transmitting 
a 9-bit 


preamble of ones. 


At this point, one of two situations exists: lllf 
the transmit 


data register is empty (TORE= 11, a continuous 
string of 
ones will be sent Indicating an Idle line; or 21 if a byte has 
been written to the transmit data register fTORE=OI, 
it Will 
be transferred to the output 
serial shift register (synchro- 


nized with the bit rate clock 1, TOREWill be set, and transmis- 
sion will begin. 


The start bit (0), eight data bits Ibeginning With bit 0), and 
a stop bit III will be transmitted. If TDRE is still set when the 
next byte transfer occurs, ones will be sent until more data is 
provided. In bi-phase format, the output toggles at the start 
of each bit and at half-bit time when a one is sent. Receive 
operation is controlled by RE which configures P23 as an In- 
put and enables the receiver. SCI data formats are Illustrated 
in Figure 23. 


to increment like a 16-bit counter causing address lines used 
in the expanded modes to increment until the device IS reset 
These opcodes have no mnemonics 


The coding of the first (or onlyl byte corresponding 
to an 
executable instruction 
is sufficient 
to identify the instruction 
and the addressing 
mode. The hexadecimal 
equivalents 
of 
the binary codes, which result from the translation of the 82 
instructions 
in all valid modes of addressing, 
are shown 
in 


Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


The MC68701U4 
is directly 
source compatible 
with 
the 
MC6801 and upward 
source 
and object 
code· compatible 


with the MC6800. Execution times of key instructions 
have 
been reduced and several instructions 
have been added, in- 


cluding a hardware multiply. 
A list of new operations added 
to the MC6800 instruction 
set is shown in Table 1 
In addition, 
two special opcodes, 4E and 5E, are provided 
for test purposes. These opcodes force the program counter 


OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 


00 
34 
DES 
INHER 
3 
1 
68 
ASL 
INoxa 
6 
2 
9C 
CPX 
DIA 
5 
2 
DC 
SUBS 
DIA 
3 
2 


01 
NOP 
INHER 
2 
I 
35 
TXS 
3 
1 
69 
AoL 


1 


6 
2 
90 
JSA 
~ 


5 
2 
01 
CMPB 
3 
2 


02 
36 
P$HA 
3 
1 
6A 
DEC 
6 
2 
9E 
LOS 
4 
2 
02 
S8CB 
3 
2 


03 
37 
P$HB 
3 
1 
6B 
9F 
STS 
olA 
4 
2 
03 
ACOD 
5 
2 


04 
LSAQ 
3 
1 
3B 
PULX 
5 
1 
6C 
INC 
6 
2 
AO 
$UBA 
INDXD 
4 
2 
D4 
AN DB 
3 
2 


05 
ASLD 
3 
1 
39 
ATS 
5 
1 
60 
TST 
6 
2 
AI 
CMPA 
4 
2 
05 
BITS 
3 
2 


06 
TAP 
2 
1 
3A 
ABX 
3 
1 
6E 
JMP 
3 
2 
A2 
seCA 
4 
2 
D6 
LDAS 
3 
2 


07 
TPA 
2 
I 
3B 
AT! 
10 
1 
6F 
CLA 
INDXQ 
6 
2 
A3 
SUBD 
6 
2 
07 
STAB 
3 
2 


08 
INX 
3 
1 
3C 
P$HX 
4 
1 
70 
NEG 
EXTND 
6 
3 
A4 
ANDA 
4 
2 
DB 
EDRB 
3 
2 


09 
DEX 
3 
1 
3D 
MUL 
10 
I 
71 
A5 
BITA 
4 
2 
09 
Aces 
3 
2 


OA 
CLV 
2 
1 
3E 
WAI 
9 
I 
72 
A6 
lDAA 
4 
2 
DA 
DRAB 
3 
2 


OB 
SEV 
2 
1 
3F 
SWI 
12 
I 
73 
COM 
6 
3 
A7 
STAA 
4 
2 
DB 
ADDS 
3 
2 


OC 
CLC 
2 
1 
40 
NEGA 
2 
I 
74 
LSA 
6 
3 
AB 
fORA 
4 
2 
DC 
LDD 
4 
2 


00 
SEC 
2 
1 
41 
75 
A9 
ADCA 
4 
2 
DO 
STO 
4 
2 


OE 
CLI 
2 
1 
42 
76 
AOA 
6 
3 
AA 
DRAA 
4 
2 
DE 
LOX 
4 
2 


OF 
SEI 
2 
1 
43 
COMA 
2 
I 
77 
ASA 
6 
3 
AB 
ADDA 
4 
2 
OF 
STX 
DIA 
4 
2 


10 
SBA 
2 
1 
44 
LSRA 
2 
I 
7B 
ASL 
6 
3 
AC 
CPX 
6 
2 
EO 
SUBS 
INOXQ 
4 
2 


11 
CBA 
2 
1 
45 
79 
AOL 
6 
3 
AD 
JSA 
6 
2 
E1 
CMP8 
4 
2 


12 
46 
RORA 
2 
I 
7A 
DEC 
6 
3 
AE 
LOS 
5 
2 
E2 
S8CB 
4 
2 


13 
47 
A$RA 
2 
1 
7B 
AF 
STS 
INoxa 
5 
2 
E3 
ACOD 
6 
2 


14 
48 
ASLA 
2 
1 
7C 
INC 
6 
3 
BO 
$UBA 
EXTNO 
4 
3 
E4 
ANDB 
4 
2 


15 
49 
AOLA 
2 
1 
70 
TST 
6 
3 
Bl 
CMPA 
4 
3 
E5 
BITS 
4 
2 


16 
TAB 
2 
1 
4A 
CECA 
2 
1 
7E 
JMP 
3 
3 
B2 
saCA 
4 
3 
E6 
LDAS 
4 
2 


17 
TBA 
2 
1 
4B 
7F 
CLR 
EXTND 
6 
3 
B3 
sueD 
6 
3 
E7 
STAB 
4 
2 


lB 
4C 
INCA 
2 
I 
80 
SUBA 
IMMED 
2 
2 
B4 
ANDA 
4 
3 
EB 
EORB 
4 
2 


19 
DAA 
IN HER 
2 
1 
40 
TSlA 
2 
1 
81 
CMPA 
2 
2 
B5 
BIIA 
4 
3 
E9 
Aces 
4 
2 


lA 
4E 
T 
82 
saCA 
2 
2 
B6 
LDAA 
4 
3 
EA 
DRAB 
4 
2 


lB 
ABA 
IN HER 
2 
1 
4F 
CLAA 
2 
1 
83 
SUBD 
4 
3 
B7 
$TAA 
4 
3 
EB 
ADDS 
4 
2 


lC 
50 
NEGB 
2 
1 
54 
ANDA 
2 
2 
B8 
EORA 
4 
3 
EC 
LDD 
5 
2 


10 
51 
85 
BIIA 
2 
2 
B9 
ADCA 
4 
3 
ED 
STO 
5 
2 


IE 
52 
86 
lOAA 
2 
2 
BA 
QRAA 
4 
3 
EE 
LOX 
5 
2 


IF 
53 
COMB 
2 
1 
B7 
BB 
ADDA 
4 
3 
EF 
STX 
INOXQ 
5 
2 


20 
BAA 
AEL 
3 
2 
54 
L$RB 
2 
1 
86 
EORA 
2 
2 
BC 
CPX 
6 
3 
FO 
SUBS 
EXTND 
4 
3 


21 
BAN 
3 
2 
55 
B9 
ADCA 
2 
2 
BD 
JSA 
6 
3 
F1 
CMPB 
4 
3 


22 
BHI 
3 
2 
56 
RORe 
2 
1 
BA 
ORAA 
2 
2 
BE 
LOS 
5 
3 
F2 
SBCB 
4 
3 


23 
BLS 
3 
2 
57 
ASRB 
2 
1 
BB 
ADDA 
2 
2 
BF 
STS 
EXT NO 
5 
3 
F3 
ADDD 
6 
3 


24 
BCC 
3 
2 
58 
ASLB 
2 
1 
BC 
CPX 
IMMED 
4 
3 
CO 
SUBB 
IMMED 
2 
2 
F4 
ANDB 
4 
3 


25 
BCS 
3 
2 
59 
ROLB 
2 
I 
BD 
BSR 
AEL 
6 
2 
Cl 
CMPB 
2 
2 
F5 
BITB 
4 
3 


26 
BNE 
3 
2 
5A 
OECB 
2 
I 
BE 
LOS 
IMMED 
3 
3 
C2 
SBCB 
2 
2 
F6 
LDAB 
4 
3 


27 
BEO 
3 
2 
5B 
BF 
C3 
AODD 
4 
3 
F7 
STAB 
4 
3 


2B 
BVC 
3 
2 
5C 
INCB 
2 
I 
00 
SUBA 
DIA 
3 
2 
C4 
ANDB 
2 
2 
FB 
EORB 
4 
3 


29 
BVS 
3 
2 
50 
lSl8 
2 
I 
91 
CMPA 
3 
2 
C5 
81TS 
2 
2 
F9 
ADCS 
4 
3 


2A 
BPL 
3 
2 
5E 
T 
92 
SSCA 
3 
2 
C6 
LDA8 
2 
2 
FA 
ORAB 
4 
3 


2B 
BMI 
3 
2 
5F 
CLRS 
INHER 
2 
I 
93 
SUBD 
5 
2 
C7 
FB 
ADDS 
4 
3 


2C 
BGE 
3 
2 
60 
NEG 
INDXO 
6 
2 
94 
ANDA 
3 
2 
C8 
EORB 
2 
2 
FC 
LDD 
5 
3 


20 
BLT 
3 
2 
61 


1 


95 
BllA 
3 
2 
C9 
ADCB 
2 
2 
FD 
STO 
5 
3 


2E 
BGT 
3 
2 
62 
96 
LDAA 
3 
2 
CA 
ORAB 
2 
2 
FE 
LOX 
5 
3 


2F 
BLE 
AEL 
3 
2 
63 
COM 
6 
2 
97 
STAA 
3 
2 
CB 
ADDS 
2 
2 
FF 
STX 
EXTND 
5 
3 


00 
TSX 
IN HER 
3 
I 
64 
LSA 
6 
2 
98 
EORA 
3 
2 
CC 
LDD 
3 
3 


31 
INS 


~ 


3 
I 
65 
99 
ADCA 
3 
2 
CD 
* UNDEFINED 
OP 
COOE 


32 
PULA 
4 
I 
66 
RoA 
6 
2 
9A 
ORAA 
3 
2 
CE 
LOX 
IMMED 
3 
3 


3J 
PULS 
4 
I 
67 
ASA 
INDXD 
6 
2 
9B 
ADDA 
3 
2 
CF 


NOTES: 
1 Addressing 
Modes 


INHER~lnherent 
INOXD~lndexed 
IMMED~lmmediate 


REL iii Relative 
EXTND 
iii Extended 
DIR 
'iIi Direct 
2. Unassigned 
opcodes are indicated by "e" and should not be executed. 


3. Codes marked by "T" 
force the PC to function as a 16-bit counter. 


• 


• 


A programming 
model for the MC68701U4 is shown in 
Figure 8. Accumulator 
A can be concatenated 
with 
ac- 
cumulator 8 and Jointly referred to as accumulator D where 
A is the most significant byte. Any operation which modifies 
the double accumulator 
will also modify accumulators 
A 


and/ or B. Other registers are defined as tallows: 


PROGRAM COUNTER - 
The program counter is a 16-bit 


·register which always points to the next instruction. 


STACK POINTER - 
The stack pointer is a 16-bit register 


which contains the address of the next available location in a 
pushdown/pullup 
ILiFOI 
queue. 
The 
stack 
resides 
in 
random-access memory at a location defined by the pro- 
grammer. 


INDEX REGISTER - 
The index register is a 16-bit register 


which can be used to store data or provide an address for the 
indexed mode of addressing. 


ACCUMULATORS 
- 
The MPU contains two 8-bit ac- 


cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit IALU!. They can also be 
concatenated and referred to as the D Idoublel accumulator. 


CONDITION 
CODE REGISTER - 
The condition 
code 


register indicates the results of an instruction and includes 
the following 
five condition 
bits: negative IN), 
zero IZI, 


overflow 
lVI, carry/borrow 
from MSB ICI, and half carry 


from bit 3 IH!. These bits are testable by the conditional 
branch instructions. 
Bit 4 is the interrupt mask II bitl and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and B7, are read as ones. 


ADDRESSING MODES 


Six addressing modes can be used to reference memory. 
A summary 
of 
addressing 
modes for all instructions 
is 
presented in Tables 9, 10, 11, and 12 where execution times 
are provided in E cycles. Instruction 
execution 
times are 
summarized in Table 13. With an input frequency of 4 MHz, 
one E cycle is equivalent to one microsecond. A cycle-by- 
cycle description of bus activity for each instruction is pro- 
vided in Table 14 and descriptions of selected Instructions 
are shown in Figure 24 


IMMEDIATE 
ADDRESSING 
- 
The 
operand 
or "im- 


mediate bytels)" 
is contained in the following bytels) of the 


instruction where the number of bytes matches the size of 
the register. These are two or three byte instructions. 


DIRECT ADDRESSING - 
The least significant byte of the 
operand address is contained in the second byte of the in- 
struction and the most significant byte is assumed to be SOO. 
Direct addressing allows the user to access SOOthrough SFF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 
tions, the 256-byte area is reserved for frequently referenced 
data. 


EXTENDED ADDRESSING - 
The second and third bytes 
of 
the 
instruction 
contain 
the absolute 
address of 
the 


operand. These are three byte instructions. 


INDEXED ADDRESSING 
- 
The unsigned offset 
con- 
tained in the second byte of the instruction 
is added with 
carry to the index register and is used to reference memory 
without changing the index register. These are two byte in- 
structions. 


INHERENT ADDRESSING - 
The operandls) is a register 


and no memory reference is required. These are single byte 
instructions. 


RELATIVE ADDRESSING 
- 
Relative addressing is used 
only for branch instructions. If the branch condition is true, 
the program counter is overwritten with the sum of a signed 
single byte displacement in the second byte of the instruc- 
tion 
and the current 
program 
counter. 
This provides 
a 
branch range of - 126 to + 129 bytes from the first byte of 
the instruction. 
These are two byte instructions. 


SUMMARY 
OF CYCLE-BY-CYCLE 
OPERATION 


Table 14 provides a detailed description of the information 


present on the address bus, data bus, and the read/write 
IR/WI line during each cycle of each instruction. 
The information 
is useful in comparing actual with ex- 


pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 
per instruction. 
In general. instructions with the same ad- 


dressing mode and number of cycles execute In the same 
manner. Exceptions are indicated in the table. 


Note that during 
MPU reads of internal locations, 
the 


resultant value will not appear on the external data bus ex- 
cept in mode O. "High order" byte refers to the most signifi- 
cant byte of a 16-bit value. During unused bus cycles, the ad- 
dress bus is forced to SFFFFand R/W is high. 


Condition 
Codes 


Immed 
Direct 
Index 
Extend 
Inherent 
Booleanl 
5 
4 
3 
2 , 
0 


Pointer 
Operations 
MNEM 
Op - 
# 
Op 
- 
# 
Op 
- 
# 
Op - 
# 
Op - 
# 
Arithmetic 
Operation 
H 
I 
N 
Z 
V 
C 


Compare 
Index 
Register 
CPX 
8C 
4 
3 
9C 
5 
2 
AC 
6 
2 
BC 
6 
3 
X-M:M+l 
· · I I I I 


Decrement 
Index 
Register 
DEX 
09 
3 
1 
X-l-X 
· · · I · · 


Decrement 
Stack 
POinter 
DES 
34 
3 
1 
SP-I-SP 
· · · · · · 


Increment 
Index 
Register 
INX 
00 
3 
1 
X+I 
X 
· · · I · · 


Increment 
StaCk 
Pointer 
INS 
31 
3 
I 
1 SP+ 
1-SP 
· · · · · · 


Load 
Index 
Register 
LDX 
CE 
3 
3 
DE 
4 
2 
EE 
5 
2 
FE 
5 
3 
M-XH.IM+ll-X, 
·· 
I 
A · 


Load 
Stack 
POinter 
LDS 
BE 
3 
3 
9E 
4 
2 
AE 
5 
2 
BE 
5 
3 
M-SPH.IM+ 
ll-SPL 
· · 
I 
R · 


Store 
Index 
Register 
STX 
DF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH-M.XL 
-(M+ 
1) 
· · 
I 
R · 


Store 
Stack 
POinter 
STS 
9F 
4 
2 
AF 
5 
2 
BF 
5 
3 
SPH-M.SPL 
-(M+l) 
· 
I 
R · 


Index 
Reg - 
Stack 
POinter 
TXS 
35 
3 
I 
X-l-SP 
· · · · · 


Stack 
Pntr -Index 
Register 
TSX 
30 
3 
1 
SP+l-X 
· · · · · · 


Add 
ABX 
3A 
3 
I 
B+X-X 
· · · · · 


Push Data 
PSHX 
3C 
4 
1 
XL -MSp.SP 
I-SP 
· · · · · · 
XH - 
MSp.SP- 
I - 
SP 


Pull Data 
PULX 
38 
5 
1 
SP+I-SP.MSp-XH 
· · · · · · 
SP+ 
1-SP,MSp-XL 


Condition 
Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 , 
0 


Memory 
Operations 
MNEM 
Op - 
# 
Op 
- 
# 
Op 
- 
# 
Op 
- 
# 
Op 
- 
# 
Expression 
H 
I 
N 
Z 
V 
C 


Add 
Accumulators 
ABA 
lB 
2 
I 
A+B-A 
I • I I I I 


Add 
B taX 
ABX 
3A 
3 
I 
OO-B+X-X 
· · · · · · 


Add 
wIth 
Carry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A·M+C 
A 
· 


ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
· 


Add 
ADDA 
8B 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A+M-A 
· 


ADDB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-A 
· 


Add 
Double 
ADDD 
C3 
4 
3 
D3 
5 
2 
E3 
6 
2 
F3 
6 
3 
D+MM+l-D 
· · 


And 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A.M-A 
· · 


R · 


ANDB 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M-B 
· · 


R · 


Shift 
Left. 
Arithmetic 
ASL 
68 
6 
2 
7B 
6 
3 
- 
· · 


ASLA 
48 
2 
I 
@] -j 111I11I1 
-0 · · 


ASLB 
58 
2 
I 
b7 
bO 
· · 


Shift 
Left 
Double 
ASLD 
00 
3 
I 
· · 


Shift 
R.ght. 
Arithmetic 
ASR 
67 
6 
2 n 
6 
3 
qillillll-@j 
· · 


ASRA 
47 
2 
I 
· · I I I I 


ASRB 
57 
2 
I 
b7 
bO 
· · I I I I 


Bit Test 
BITA 
B5 
2 
2 
95 
3 
2 
AS 
4 
2 
B5 
4 
3 
A·M 
· · 


R · 


BITB 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
· · I I 
R · 


Compare 
Accumulators 
CBA 
" 
2 
I 
A-B 
· · 
II 


Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
OO-M 
· · 


R 
S 
A 
R 


CLRA 
4F 
2 
I 
OO-A 
· · 


A 
S 
A 
A 


CLAB 
5F 
2 
I 
OO-B 
· · 


R 
S 
R 
R 


Compare 
CMPA 
Bl 
2 
2 
91 
3 
2 
Al 
4 
2 
Bl 
4 
3 
A-M 
· · 


CMPB 
CI 
2 
2 
Dl 
3 
2 
El 
4 
2 
FI 
4 
3 
B-M 
· · I I I I 


l's 
Complement 
COM 
63 
6 
2 
73 
6 
3 
M-M 
· · 
!I 
R 
S 


COMA 
43 
2 
I 
A-A 
· · I I 
R 
S 


COMB 
53 
2 
I 
B-B 
· · I I 
A 
S 


• 


• 


Condition Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 , 
0 


Memory 
Operations 
MNEM 
Dp - , Dp 
- , Dp 
, Dp 
- , Dp 
- , 
Expression 
H 
I 
N 
Z 
V 
C 


DeCImal 
Adjust. 
A 
DAA 
19 
2 
1 
Ad] binary 
sum 
to BCD 
· · I I I I 


Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M-l-M 
· · I I I · 


DECA 
4A 
2 
1 
A-l-A 
· · I I I · 


DECB 
5A 
2 
1 
B-l-B 
· · I I I · 


Exclusive 
OR 
EDRA 
BB 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
AEBM-A 
· · I I 
R · 


EDRB 
CB 
2 
2 
DB 
3 
2 
Ea 
4 
2 
Fa 
4 
3 
BEBM-B 
· · I I 
R · 


Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+l-M 
· · I I I · 


INCA 
4C 
2 
1 
A+l-A 
· · I I I · 


INCB 
5C 
2 
1 
8+1-8 
· · I I I · 


Load 
Accumulators 
lDAA 
B6 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
· · I I 
R · 


LDAB 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
· · I I 
R · 


load 
Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
MM+l-D 
· · I I 
R · 


Logical 
Shift, 
Left 
LSL 
6B 
6 
2 
7B 
6 
3 
· · I I I I 


LSLA 
4B 
2 
1 
- 
· · I I I I 
@]-111111111 
-0 


LSLB 
58 
2 
1 
b7 
bO 
· · I I I I 


LSLD 
05 
3 
2 
· · I I I I 


Shift 
Right. 
Logical 
LSR 
64 
6 
2 
74 
6 
3 
· · 


R 
I I 


LSRA 
44 
2 
1 
0-111111111 
0 · · 


R I I I 


LSRB 
54 
2 
1 
b7 
bO 
· · 


R I I I 


LSRD 
04 
3 
1 
· · 


R I I I 


MultIply 
MUL 
3D 
10 
1 
AxB-D 
· · · · · I 


2'5 Complement 
(Negate) 
NEG 
60 
6 
2 
70 
6 
3 
oo-M-M 
· · I I I I 


NEGA 
40 
2 
1 
oo-A-A 
· · I I I I 


NEGB 
50 
2 
1 
00- 
B-B 
· · I I I I 


No Operation 
NDP 
01 
2 
1 
PC+l-PC 
· · · · · · 


InclUSive 
OR 
DRAA 
BA 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
· · 


R · 


DRAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B+M-B 
· · I I 
R · 


Push 
Data 
PSHA 
36 
3 
1 
A-Stack 
· · · · · · 


PSHB 
37 
3 
1 
B - 
Stack 
· · · · · · 


Pull 
Data 
PULA 
32 
4 
1 
Stack-A 
· · · · · · 
PUlB 
33 
4 
1 
$t8ck-B 
· · · · · · 


Rotate 
Left 
RDL 
69 
6 
2 
79 
6 
3 
· · I I I I 


RDLA 
49 
2 
1 
@]-1IIIIIIII-i9 
· · I I I I 


RDLB 
59 
2 
1 
b7 
bO 
· · I I I I 


Rotate 
RIght 
RDR 
66 
6 
2 
76 
6 
3 
- 
· · I I I I 


RDRA 
4B 
2 
1 
§-11111111f-@ 
· · I I I I 


RDRB 
56 
2 
1 
b7 
bO 
· · I I I I 


Subtract 
Accumulator 
SBA 
10 
2 
1 
A-B-A 
· · I I I I 


Subtract 
WIth 
Carry 
SBCA 
B2 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C-A 
· · I I I I 


SBCB 
C2 
2 
2 
D2 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C-B 
· · I I I I 


Store 
Accumulators 
STAA 
97 
3 
2 
A7 
4 
2 
B7 
4 
3 
A-M 
· · I I 
R · 


STAB 
D7 
3 
2 
E7 
4 
2 
F7 
4 
3 
B 
M 
· · I I 
R · 


STD 
DD 
4 
2 
ED 
5 
2 
FD 
5 
3 
D-MM+l 
· · I I 
R · 


Subtract 
SUBA 
BO 
2 
2 
90 
3 
2 
AO 
4 
2 
BO 
4 
3 
A-M-A 
· · I I I I 


SUBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B-M-B 
· · I I I I 


Subtract 
Double 
SUBD 
B3 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
D-M:M+l-D 
· · I I I I 


Transfer 
Accumulator 
TAB 
16 
2 
1 
A-B 
· · I I 
R · 


TBA 
17 
2 
1 
B-A 
· · I I 
R · 
Test, 
Zero 
or Minus 
TST 
6D 
6 
2 
7D 
6 
3 
M-oo 
· · I I 
R 
R 


TSTA 
4D 
2 
1 
A-oo 
· · I I 
R 
R 


TSTB 
5D 
2 
1 
B -00 
· · I I 
R 
R 


Condition 
Code 
Reg. 


Direct 
Relative 
Index 
Extend 
Inherent 
5 
4 
3 
2 
1 
0 


Operations 
MNEM 
Dp 
, Dp 
, Dp 
, Dp 
, Dp - , 
Branch 
Test 
H 
I 
N 
Z 
V 
C 


Branch 
Always 
BAA 
20 
3 
2 
None 
· · · · · · 


Branch 
Never 
BAN 
21 
3 
2 
None 
· · · · · · 


Branch 
If Carry 
Clear 
BCC 
24 
3 
2 
C-O 
· · · · · · 


Branch 
If Carry 
Set 
BCS 
25 
3 
2 
C=l 
· · · · · · 


Branch 
If - 
Zero 
BED 
27 
3 
2 
Z-1 
· · · · · · 


Branch 
If 2: Zero 
BGE 
2C 
3 
2 
NEIl 
V=O 
· · · · · · 


Branch 
If > Zero 
BGT 
2E 
3 
2 
Z+INEIlVI-O 
· · · · · · 


Branch 
If Higher 
BHI 
22 
3 
2 
C+Z=Q 
· · · · · · 


Branch 
If Higher 
or Same 
BHS 
24 
3 
2 
C=O 
· · · · · · 
Branch 
If :s Zero 
BLE 
2F 
3 
2 
Z+INEIlVI=1 
· · · · · · 


Branch 
If Carry 
Set 
BLD 
25 
3 
2 
C-I 
· · · · · · 


Branch 
If Lower 
Or Same 
BLS 
23 
3 
2 
C+Z=l 
· · · · · · 


Branch 
If <Zero 
BLT 
20 
3 
2 
N Ell V-I 
· · · · · · 


Branch 
If Minus 
BMI 
2B 
3 
2 
N=I 
· · · · · · 


Branch 
If Not 
Equal Zero 
BNE 
26 
3 
2 
Z=O 
· · · · · · 
Branch 
If Overflow 
Clear 
BVe 
2B 
3 
2 
V-O 
· · · · · · 
Branch 
If Overflow 
Set 
BVS 
29 
3 
2 
V=I 
· · · · · · 
Branch 
If Plus 
BPL 
2A 
3 
2 
N-O 
· · · · · · 
Branch 
To Subroutine 
BSA 
80 
6 
2 
· · · · · · 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
See Special 
Operations-Figure 
24 
• · · · · · 
Jump 
To Subroutine 
JSA 
90 
5 
2 
AD 
6 
2 
BO 
6 
3 
· · · · · · 
No Operation 
NOP 
01 
2 
1 
· · · · · · 
Return 
From 
Interrupt 
ATI 
3B 
10 
1 
I I I I III 


Return 
From 
Subroutine 
ATS 
39 
5 
I 
See Special 
Operations-Figure 
24 
• · · · · · 
Software 
Interrupt 
SWI 
3F 
12 
1 
· 


S · · · · 
Wait 
For Interrupt 
WAI 
3E 
9 
1 
· · · · · · 


Condition Code Register 


Inher..ent 
5 
4 
3 
2 
, 
0 
Operations 
MNEM 
Op - 
# 
Boolean Operation 
H 
I 
N 
Z 
V 
C 


Clear Carry 
CLC 
OC 
2 , 
O-C 
· · · · · 
A 


Clear Interrupt 
Mask 
CLI 
OE 
2 , 
0-1 
· 


R · · · · 
Clear Overflow 
CLV 
OA 
2 
I 
O-V 
· · · · 


R · 
Set Carry 
SEC 
00 
2 
1 
l-C 
· · · · · 


S 


Set Interrupt 
Mask 
SEI 
OF 
2 , 
I-I 
· 


S · · · · 
Set Overflow 
SEV 
OB 
2 
, 
I-V 
· · · · 


S · 
Accumulator 
A - 
CCA 
TAP 
06 
2 , 
A-CCR 
I 
I I I 
I I 


CCA - 
Accumulator 
A 
TPA 
07 
2 
1 
CCR-A 
· · · · · · 


LEGEND 


Op 
Operation 
Code I Hexadecimali 


Number 
of MPU 
Cycles 


MSp 
Contents of memory 
location pointed to by Stack Pointer 


I 
Number of Program Bytes 


+ 
Arithmetic 
Plus 


Arithmetic 
Minus 


• 
Boolean AND 


X 
Arithmetic 
Multiply 
+ 
Boolean Inclusive OA 
• 
Boolean Exclusive OA 
M 
Complement 
of M 
Transfer Into 
o 
Bit=Zero 
00 
Byte = Zero 


CONDITION 
CODE SYMBOLS 
H 
Half~carry from bit 3 


I 
Interrupt mask 
N 
Negative (sign bit) 


Z 
Zero (byte) 


V 
Overflow, 
2' s complement 


C 
Carry/Borrow 
from MSB 


A 
Aeset Always 


S 
Set Always 
I 
Affected 


• 
Not Affected 


• 


ADDRESSING 
MODE 


c:; 
"" 
E 
c 
ii 
c 
"" 
U 
"" 
c 
c 
> 
c 
C 
K 
;; 
;; 
E 
~ 
~ 
c 
.• 
E 
0 
K 
"" 
~ 
"i 
w 
E 
E 
a: 


ABA 
• 
• 
• 
• 
2 
• 
ABX 
• 
• 
• 
• 
3 
• 
ADC 
2 
3 
4 
4 
• 
• 
ADD 
2 
3 
4 
4 
• 
• 
ADDD 
4 
5 
6 
6 
• 
• 
AND 
2 
3 
4 
4 
• 
• 
ASL 
• 
• 
6 
6 
2 
• 
ASLD 
• 
• 
• 
• 
3 
• 
ASR 
• 
• 
6 
6 
2 
• 
BCC 
• 
• 
• 
• 
• 
3 
BeS 
• 
• 
• 
• 
• 
3 
BEG 
• 
• 
• 
• 
• 
3 
BGE 
• 
• 
• 
• 
• 
3 
BGT 
• 
• 
• 
• 
• 
3 
BHI 
• 
• 
• 
• 
• 
3 
BHS 
• 
• 
• 
• 
• 
3 
BIT 
2 
3 
4 
4 
• 
• 
BLE 
• 
• 
• 
• 
• 
3 
BLO 
• 
• 
• 
• 
• 
3 
BLS 
• 
• 
• 
• 
3 
BLT 
• 
• 
3 
BMI 
• 
• 
3 
BNE 
• 
• 
3 
BPL 
• 
• 
3 
BRA 
• 
• 
3 
BRN 
• 
• 
3 
BSR 
• 
• 
6 
BVC 
• 
• 
3 
BVS 
• 
• 
3 
CBA 
• 
2 
• 
CLC 
• 
2 
• 
CLI 
• 
2 
CLR 
6 
6 
2 
CLV 
• 
• 
2 
CMP 
2 
3 
4 
4 
• 
COM 
• 
• 
6 
6 
2 
CPX 
4 
5 
6 
6 
• 
DAA 
• 
• 
• 
• 
2 
DEC 
• 
• 
6 
6 
2 
DES 
• 
• 
• 
• 
3 
DEX 
• 
• 
• 
• 
3 
EaR 
2 
3 
4 
4 
• 
INC 
• 
• 
6 
6 
• 
INS 
• 
• 
• 
• 
3 


ADDRESSING 
MODE 


c:; 
"" 
E 
c 
ii 
c 
"" 
U 
"" 
c 
c 
> 
c 
C 
K 
;; 
";; 
E 
~ 
~ 
c 
E 
0 
K 
"" 
~ 
w 
E 
E 


INX 
• 
• 
• 
• 
3 
JMP 
• 
• 
3 
3 
• 
JSR 
• 
5 
6 
6 
• 
LOA 
2 
3 
4 
4 
• 
LDD 
3 
4 
5 
5 
• 
LOS 
3 
4 
5 
5 
• 
LOX 
3 
4 
5 
5 
• 
LSL 
• 
• 
6 
6 
2 
LSLD 
• 
• 
• 
• 
3 
LSR 
• 
• 
6 
6 
2 
LSRD 
• 
• 
• 
• 
3 
MUL 
• 
• 
• 
• 
10 
NEG 
• 
• 
6 
6 
2 
• 
Nap 
• 
• 
• 
• 
2 
• 
ORA 
2 
3 
4 
4 
• 
• 
PSH 
• 
• 
• 
• 
3 
• 
PSHX 
• 
• 
• 
• 
4 
• 
PUL 
• 
• 
• 
• 
4 
• 
PULX 
• 
• 
• 
• 
5 
• 
RDL 
• 
• 
6 
6 
2 
• 
RDR 
• 
• 
6 
6 
2 
• 
RTI 
• 
• 
• 
• 
10 
• 
RTS 
• 
• 
• 
• 
5 
• 
SBA 
• 
• 
• 
• 
2 
• 
SBC 
2 
3 
4 
4 
• 
• 
SEC 
• 
• 
• 
• 
2 
SEI 
• 
• 
• 
• 
2 
SEV 
• 
• 
• 
• 
2 
STA 
• 
3 
4 
4 
• 
STD 
• 
4 
5 
5 
• 
STS 
• 
4 
5 
5 
• 
STX 
• 
4 
5 
5 
• 
SUB 
2 
3 
4 
4 
• 
SUBD 
4 
5 
6 
6 
• 
SWI 
• 
• 
• 
• 
12 
TAB 
• 
• 
• 
• 
2 
TAP 
• 
• 
• 
• 
2 
TBA 
• 
• 
• 
• 
2 
TPA 
• 
• 
• 
• 
2 
TST 
• 
• 
6 
6 
2 
TSX 
• 
• 
• 
• 
3 
TXS 
• 
• 
• 
• 
3 
WAI 
• 
• 
• 
• 
9 


Address 
Mode and 
Instructions 


IMMEDIATE 


ADC 
EDR 
2 
1 
Dpcode 
Address 
1 
Dpcode 


ADD 
LOA 
2 
o pcode 
Address + 1 
1 
Operand 
Data 


AND 
ORA 
BIT 
SBC 
CMP 
SUB 


LOS 
3 
1 
Dpcode 
Address 
1 
Dpcode 


LOX 
2 
Dpcode 
Address + 1 
1 
Operand 
Data (High 
Order 
Byte! 


LDD 
3 
Dpcode 
Address + 2 
1 
Operand 
Data (Low 
Order 
Byte! 


CPX 
4 
1 
Opcode 
Address 
1 
Upcode 


SUBD 
2 
Dpcode 
Address + 1 
1 
Operand 
Data (High 
Order 
Byte! 


ADDD 
3 
Dpcode 
Address + 2 
1 
Operand 
Data (Low 
Order 
Byte! 
4 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOR 
3 
, 
Dpcode 
Address 
1 
Dpcode 


ADD 
LOA 
2 
Dpcode 
Address + 1 
1 
Address 
of Operand 
, 


AND 
ORA 
3 
Address 
of Operand 
1 
Operand 
Data 


BIT 
SBC 
CMP 
SUB 


STA 
3 
1 
Dpcode 
Address 
, 
Opcode 


2 
Dpcode 
Address + 1 
1 
Destination 
Address 
3 
Destination 
Address 
0 
Data from Accumulator 


LOS 
4 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address + , 
1 
Address 
of Operand 


LDD 
3 
Address 
of Operand 
, 
Operand 
Data (High 
Order 
Byte) 


4 
Operand 
Address + 1 
1 
Operand 
Data (Low 
Order 
Byte) 


STS 
4 
1 
Opcode 
Address 
1 
Dpcode 


STX 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 


STD 
3 
Address 
of Operand 
0 
Register 
Data (High 
Order 
Byte) 


4 
Address 
of Operand + , 
0 
Register 
Data (Low 
Order 
Byte) 


CPX 
5 
, 
Dpcode 
Address 
1 
Opcode 


SUBD 
2 
Dpcode 
Address + 1 
1 
Address 
of Operand 


AD DO 
3 
Operand 
Address 
, 
Operand 
Data (High 
Order 
Byte! 


4 
Operand 
Address + 1 
1 
Operand 
Data (Low 
Order 
Byte! 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
5 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Subroutine 
Address 
1 
First Subroutine 
Opcode 
4 
Stack Pointer 
0 
Return 
Address 
(Low 
Order 
Byte! 
5 
Stack 
Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte! 


• 


II 


Address 
Mode 
and 


Instructions 


EXTENDED 


JMP 
3 
, 
Opcode Address 
, 
Opeode 


2 
Opeode 
Address + 1 
, 
Jump 
Address 
tHigh 
Order 
By tel 
3 
Opeode 
Address + 2 
, 
Jump 
Address 
tLow 
Order 
Byte) 


ADC 
EOR 
4 
, 
o peode Add ress 
, 
Opeode 
ADD 
LOA 
2 
Opcode Address+ 
1 
1 
Address of Operand 


AND 
ORA 
3 
Opeode 
Address + 2 
1 
Address 
of Operand 
tLow 
Order 
By tel 


BIT 
SBC 
4 
Address of Operand 
1 
Operand Data 
CMP 
SUB 


STA 
4 
, 
Opeode 
Address 
1 
Opeode 
2 
Gpeode Address + 1 
, 
Destination 
Address (High Order Byte) 


3 
Gpeode Address + 2 
, 
Destination 
Address (Low Order Byte) 


4 
Operand DestinatIOn Address 
0 
Data from Accumulator 


LOS 
5 
, 
Opeode 
Address 
, 
Opeode 
LOX 
2 
Opeode 
Address + 1 
, 
Address 
of Operand 
(High 
Order 
Byte) 


LDD 
3 
Opeode 
Address + 2 
, 
Address of Operand (Low Order Byte) 


4 
Address of Operand 
, 
Operand 
Data (High 
Order 
Byte) 
5 
Address of Operand + 1 
, 
Operand 
Data (Low 
Order 
By tel 


STS 
5 
1 
Opeode 
Address 
, 
Opeode 
STX 
2 
Gpeode Address + 1 
, 
Address 
of Operand 
tHigh 
Order 
By tel 
STD 
3 
Gpeode Address + 2 
1 
Address of Operand (Low Order Byte) 


4 
Address of Operand 
0 
Operand 
Data tHigh 
Order 
By tel 
5 
Address of Operand + , 
0 
Operand Data lLow Order Byte) 


ASL 
LSR 
6 
, 
Opeode 
Address 
1 
Opeode 
ASR 
NEG 
2 
Gpeode Address + 1 
, 
Address 
of Operand 
tHigh 
Order 
By tel 


CLR 
ROL 
3 
Gpeode Address + 2 
1 
Address of Operand (Low Order Byte) 


COM 
ROR 
4 
Address of Operand 
, 
Current Operand Data 
DEC 
TST' 
5 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


INC 
6 
Address of Operand 
0 
New Operand Data 


CPX 
6 
1 
opcode Add ress 
, 
Opeode 
SUBD 
2 
opcode Add ress + 1 
, 
Operand Address (High Order Byte) 


AD DO 
3 
Opeode 
Address + 2 
, 
Operand Address (Low Order Byte) 
4 
Operand Address 
, 
Operand 
Data tHigh 
Order 
By tel 
5 
Operand Address + 1 
1 
Operand Data (Low Order Byte) 
6 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


JSR 
6 
, 
Opeode 
Address 
1 
Opeode 
2 
Opeode 
Address + , 
1 
Address of Subroutine 
(HIgh Order Byte) 
3 
Opcode Address + 2 
1 
Address of Subroutine 
(Low Order Byte) 


4 
Subroutine 
Starting Address 
1 
Opcode of Next Instruction 
5 
Stack POinter 
0 
Return Address (Low Order Byte) 
6 
Stack Pointer - 1 
0 
Return Address (High Order Byte) 


JMP 
3 
1 
Opcode 
Address 
, 
Opcode 
2 
Opcode 
Address + 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOR 
4 
, 
Opcode Address 
1 
Opcode 
ADD 
LOA 
2 
Opcode 
Address + , 
, 
Offset 


AND 
ORA 
3 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


BIT 
SBC 
4 
Index Register Plus Offset 
, 
Operand Data 


CMP 
SUB 


STA 
4 
, 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register Plus Offset 
0 
Operand 
Data 


LOS 
5 
1 
Opcode 
Address 
1 
Opcode 
LOX 
2 
Opcode 
Address + 1 
1 
Offset 
LDD 
3 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


4 
Index Register Plus Offset 
, 
Operand 
Data (High 
Order 
By tel 


5 
1ndex Register Plus Offset + 1 
, 
Operand 
Data (Low 
Order 
Byte} 


STS 
5 
, 
Opcode 
Address 
, 
Opcode 
STX 
2 
Opcode Address + , 
, 
Offset 
STD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register Plus Offset 
0 
Operand 
Data (High 
Order 
By tel 
5 
Index Register Plus Offset + 1 
0 
Operand 
Data (Low 
Order 
By tel 


ASL 
LSR 
6 
1 
Opcode 
Address 
1 
Opcode 
ASR 
NEG 
2 
Opcode Address + 1 
1 
Offset 


CLR 
ROL 
3 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


COM 
ROR 
4 
Index Register Plus Offset 
, 
Current Operand Data 


DEC 
TST" 
5 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


INC 
6 
Index Register Plus Offset 
0 
New Operand Data 


CPX 
6 
1 
Opcode 
Address 
1 
Opcode 
SUBD 
2 
Opcode Address + , 
1 
Offset 
ADDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index Register + Offset 
1 
Operand Data (High Order Byte) 
5 
Index Register + Offset + 1 
1 
Operand Data (Low Order Byte) 
6 
Address 
Bus FFFF 
Low Byte of Restart Vector 


JSR 
6 
1 
Opcode 
Address 
, 
Opcode 
2 
Opcode Address + , 
, 
Offset 
3 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


4 
Index Register+ Offset 
1 
First Subroutine 
Opcode 
5 
Stack Pointer 
.0 
Return Address l Low Order Byte) 
6 
Stack POinter - , 
0 
Return Address l High Order Byte) 


• 


Address 
Mode 
and 


Instructions 


INHERENT 


ABA 
DAA 
SEC 
2 
1 
Opcode 
Address 
1 
Opcode 
ASL 
DEC 
SEI 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 


ASR 
INC 
SEV 
CBA 
LSR 
TAB 
CLC 
NEG 
TAP 
Cli 
NOP 
TBA 
CLR 
ROL 
TPA 
CLV 
ROR 
TST 
COM 
SBA 


ABX 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ASLD 
3 
1 
Opcode 
Address 
1 
Opcode 


LSRD 
2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


DES 
3 
1 
Opcode 
Address 
1 
Opcode 


INS 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Previous Stack Pointer Contents 
1 
Irrelevant Data 


INX 
3 
1 
Opcode 
Address 
1 
Opcode 


DEX 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PSHA 
3 
1 
Opcode 
Address 
1 
Opcode 


PSHB 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Stack Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Stack Pointer 
1 
Irrelevant Data 


TXS 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PULA 
4 
1 
Opcode 
Address 
1 
Opcode 
PULB 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 
3 
Stack Pointer 
1 
Irrelevant Data 
4 
Stack Pointer + 1 
1 
Operand Data from Stack 


PSHX 
4 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
0 
Index Register (Low Order Byte) 
4 
Stack Pointer-1 
0 
Index 
Register 
(High 
Order 
Byte) 


PULX 
5 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
1 
Irrelevant Data 
4 
Stack Pointer + 1 
1 
Index 
Register 
(High 
Order 
Byte) 
5 
Stack Pointer+ 
2 
1 
Index 
Register 
(Low 
Order 
Byte) 


RTS 
5 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
1 
Irrelevant Data 
4 
Stack Pointer + 1 
1 
Address of Next Instruction 
(High Order Byte) 
5 
Stack Pointer+2 
1 
Address of Next Instruction (Low Order Byte) 


WAI 
9 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Opcode of Next Instruction 


3 
Stack Pointer 
0 
Return Address (Low Order Byte) 
4 
Stack Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte) 
5 
Stack 
Pointer- 
2 
0 
Index 
Register 
(Low 
Order 
Byte) 
6 
Stack Pointer-3 
0 
Index 
Register 
(High 
Order 
Byte) 
7 
Stack Pointer-4 
0 
Contents 
of Accumulator 
A 
8 
Stack Pointer-5 
0 
Contents 
of Accumulator 
B 
g 
Stack Pointer-6 
0 
Contents of Cpndition 
Code Reoister 


Address 
Mode 
and 
Instructions 


INHERENT 
(Continued) 


MUl 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
7 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
8 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
9 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
10 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


RTI 
10 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
1 
Irrelevant Data 
4 
Stack Pointer+ 
1 
1 
Contents 01 Condition 
Code Register from Stack 
5 
Stack Pointer+ 2 
1 
Contents 01 Accumulator 
B from Stack 
6 
Stack Pointer+3 
1 
Contents of Accumulator 
A from Stack 
7 
Stack Pointer+4 
1 
Index 
Register 
from 
Stack 
(High 
Order 
Byte! 
8 
Stack Pointer+5 
1 
Index Register from Stack (Low Order Byte) 
9 
Stack Pointer+6 
1 
Next Instruction Address from Stack (High Order Byte) 
10 
Stack Pointer+ 7 
1 
Next Instruction Address from Stack (Low Order Byte) 


SWI 
12 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
0 
Return Address (Low Order Byte) 
4 
Stack Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte) 
5 
Stack Pointer-2 
0 
Index Register (Low Order Byte) 
6 
Stack Pointer - 3 
0 
Index 
Register 
(High 
Order 
Byte) 
7 
Stack Pointer-4 
0 
Contents 
of Accumulator 
A 
B 
Stack Pointer-5 
0 
Contents 
of Accumulator 
B 
9 
Stack Pointer-6 
0 
Contents 
of Condition 
Code Register 
10 
Stack Pointer-7 
1 
Irrelevant Data 
11 
Vector 
Address 
FFFA (Hex) 
1 
Address 
of Subroutine 
(High 
Order 
Byte! 
12 
Vector 
Address 
FFFB (Hex! 
1 
Address of Subroutine 
(Low Order Byte) 


BCC 
BHT 
BNE 
BlO 
3 
1 
Opcode 
Address 
1 
Opcode 


BCS 
BlE 
BPl 
BHS 
2 
Opcode 
Address + 1 
1 
Branch 
Offset 


BEG 
BlS 
BRA 
BRN 
3 
Address 
Buss FFFF 
1 
Low Byte of Restart Vector 


BGE 
BlT 
BVC 
BGT 
BMI 
BVS 


BSR 
6 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Branch 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Subroutine 
Starting Address 
1 
Opcode of Next Instruction 
5 
Stack Pointer 
0 
Return 
Address 
(low 
Order 
Byte) 
6 
Stack Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte) 


• 


FIGURE 24 - 
SPECIAL 
OPERATIONS 


JSR, Jump 
to Subroutine 
I 


~ 
Main 
Program 


S9D= JSA 


D,rect 
K 


ATN 
Next 
Main Instr. 


K ::: Direct Address 


Main Program 
~ 
Stack 


I 


~ 
SAD=JSA 
...• 


SP-2 §3 
INDXD 
K= Offset 
¢ 


SP-l 
ATNH 


ATN 
Next MaIn 
Instr. 
SP 
ATNL 


c.> 
! 


Main Program 


I 
Ef 
S8D=JSA 


CO 


SH = Subr. 
Addr. 
0'1 
EXTND 
CO 
Sl= 
Subr. Addr. 


ATN 
Next Main 
Inst. 


Main 
Program 


S8D= 8SA 


± K:::Offset 


Subroutine 


==S39==A=TS =1¢ 


~ 
Stack 


SP-2rn 


SP-l 
ATNH 


SP 
ATNL 


:if 
Stack 
SP§3 
SP+ 1 
ATNH 


SP+2 
ATNL 


Legend: 


RTN::: Address of next instruction in Main Program to be executed upon return from subroutine 
RTNH'= Most significant byte of Return Address 
RTNL::: Least significant byte of Return Address 
- 
= Stack Pointer After Execution 


K = a·bit 
Unsigned Value 


• 


SWI, Software Interrupt 
Main Program 
SP 


e£ 
S3F= SWI I¢.... 
SP-7 


ATN 
SP-6 


SP-5 


SP-4 


SP-3 


WAI, 
Wall lor Interrupt 
Main Program 
SP-2 
~ 
Ie) 


SP-l 
S3E= WAI 


ATN 
SP 


RTI, Return from Interrupt 
Interrupt Program 
~ 


e£ 


I 


S38= ATI Ie) 


SP 


SP+ 1 


SP+2 


SP+3 


SP+4 


SP+5 


SP+6 
....• 
SP+ 7 


Condition Code 


AcmltrB 


AcmltrA 


Index Register (X H) 


Index Register (XL) 


ATNH 


ATNL 


CondItion Code 


AcmltrB 


AcmltrA 


Index Register (XH) 


Index Register lXL) 


ATNH 


ATNL 


JMP, Jump 
e£ 
Main Program 


! 


e£ 
S7E= JMP 


I 


KH = Next Address 


INDXD 
Extended 
KL"" Next Address 


X+K 
Next InstructIon 


K I 
Next Instruction 


@ MOTOROLA 


The MC68705P3 Microcomputer 
Unit (MCU) is an EPROM member 


of the M6805 Family of low-cost single-chip microcomputers. The user 
programmable 
EPROM allows program changes and lower volume 
applications in comparison to the factory mask programmable versions. 
The EPROM versions also reduce the development 
costs and turn- 
around time for prototype evaluation of the mask ROM versions. This 
8-bit 
microcomputer 
contains 
a CPU, 
on-chip 
CLOCK, 
EPROM, 
bootstrap ROM, RAM, I/O, and a TIMER. 
Because of 
these features, 
the 
MC68705P3 offers 
the 
user an 


economical means of designing an M6805 Family MCU into his system, 
either as a prototype evaluation, as a low-volume production run, or a 
pilot production run. 


HARDWARE FEATURES: 


• 
8-Bit Architecture 


• 
112 bytes of RAM 


• 
Memory Mapped I/O 


• 
1804 Bytes of User EPROM 


• 
Internal 8-Bit Timer with 7-Bit Prescaler 
• 
Programmable Prescaler 


• 
Programmable Timer Input Modes 


• External Timer Interrupt 


• 
Vectored Interrupts - 
External, Timer, and Software 


• 
Zero-Cross Detection on INT Input 


• 
20 TTL/CMOS 
Compatible Bidirectional I/O Lines 18 Lines are 
LED Compatible) 


• 
On-Chip Generator 


• 
Master and Power-On Reset 


• 
Complete Development System Support on EXORciser 


• 
Emulates the MC6805P2 and MC6805P4 (Except for VSB) 


• 
Bootstrap Program in ROM Simplifies EPROM Programming 


SOFTWARE FEATURES: 


• 
Similar to M6800 Family 


• 
Byte Efficient Instruction Set 


• 
Easy to Program 
• 
True Bit Manipulation 


• 
Bit Test and Branch Instructions 


• 
Versatile Interrupt Handling 


• 
Versatile Index Register 


• 
Powerful Indexed Addressing for Tables 


• 
Full Set of Conditional Branches 


• 
Memory Usable as Registers/ Flags 


• 
Single Instruction Memory Examine/Change 


• 
10 Powerful Addressing Modes 


• 
All Addressing Modes Apply to EPROM, RAM, and I/O 


tHIGH-DENSITY, 
N-CHANNEL 
DEPLETION 
LOAD, 


5 V EPROM 
PROCESS) 


8-BIT EPROM 
MICROCOMPUTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
719 


S SUFFIX 


CEROIP 
PACKAGE 


ALSO 
AVAILABLE 


PIN ASSIGNMENT 


VSS 
RESET 


INT 
PA7 


VCC 
PA6 


EXTAL 
PAS 


XTAL 
PM 


Vpp 
PA3 


TIMER 
PA2 


PAl 


PC, 
PAO 


PB7 


PB6 


PBS 


PBl 
PB4 


PB3 


Package 
Type 
Generic 
Number 


Ceramic 
L Suffix 
MC6B705P3L 


Cerdip 
S Suffix 
MC6B705P3S 


• 


INT 


Vpp 


PBO 
Accumulator 
PBl 
B 
A 
P82 
Port 
CPU 
Data 
Port 
PB3 
B 


Index 
Control 
O,r 
B 
PB4 
1/0 
Register 
Reg 
Reg 
PB5 
Lines 


PAO 
X 
PB6 
PAl 
Condition 
PB7 


Port 
PA2 
Port 
Data 
Code 


A 
PA3 
A 
Dlr 
5 
Register 
CC 
• 


1/0 
PA4 
Reg 
Reg 
CPU 


Lines 
PA5 
Stack 


PA6 
Pointer 
SP 
PA7 
PCO 
Port 


Program 
Data 
Port 
PC1 
C 
Counter 
Dif 
C 
PC2 
1/0 


1604X 8 
High 
PCH 
Reg 
Reg 
PC3 
Lines 
AlU 
EPROM 
Program 


115X8 
Counter 


8 
low 
PCl 
Bootstrap ROM 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
EPROMProgramming Voltage IVpp Pin) 
Vpp 
-0.3 
to + 22.0 
V 


TIMERPin 


Normal 
Mode 
Vin 
-0.3 
to + 7.0 
V 


Bootstrap 
Programming 
Mode 
Vin 
-0.3 to + 15.0 
V 


All Others 
Vin 
-0.3 
to + 7.0 
V 


Operating 
Temperature 
Range 
TA 
o to + 70 
'c 


Storage 
Temperature 
Range 
TSt9 
-55 to + 150 
'c 


Junction 
Temperature 
T.I 
+ 150 
'c 


This device contains 
Circuitry 
to protect 
the in- 


puts against damage due to high stattc 
vOltages 
or electric 
fields; 
however. 
11IS adVised that nor- 


mal precautIons 
be taken to avold applicatlon 
of 
any voltage higher than maximum 
rated voltages 


to this hIgh-Impedance 
CircuLI. 
For proper 
opera- 


non it IS recommended 
that Vln and Vout 
be con- 


strained 
to the range VSS:s 
(Vin or Vout):S 
VCC 
RelIability 
of operation 
IS enhanced 
If unused 
In- 


puts are tied to an appropriate 
logiC vOltage level 
le.g.. either VSS or VCCI. 


THERMAL 
CHARACTERISTICS 
Characteristic 


Thermal 
Resistance 
Ceramic 
Package 


The average chip-junction 
temperature, 
Tj, 
in °c can be obtained 
from: 


Tj=TA+(POOOjAI 
(1) 


Where: 


TA - Ambient 
Temperature, 
°c 


OjA- 
Package Thermal Resistance, junction-to-Ambient, 
'C/W 


PO'" PINT+ PPORT 
PINT-ICC 
x VCC, Watts 
- 
Chip Internal Power 


PPORT- 
Port Power Dissipation, 
Watts 
- 
User Determined 


For most applications 
PPORT<CPINT and can be neglected. 
PPORT may become significant 
if the device is configured 
to 
drive Darlington 
bases or sink LED loads. 


An approximate 
relationship 
between Po and Tj 
(if PPORT is neglected) 
is: 


PO= K+ (Tj + 273°Cl 
(21 
Solving equations 
1 and 2 for K gives: 


K = PoolT A + 273°Cl + OjAOP02 
(3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibriuml 
for a known TA. Using this value of K the values of Po and Tj can be obtained by solving equations (11and (2) iteratively for any 
value of TA. 


PROGRAMMING 
OPERATION 
ELECTRICAL 
CHARACTERISTICS 
(Vcc=5.25 
Vdc 
±0.5. 
vss=o 
Vdc, 
TA=2O° 
to 3JOC unless otherwise 
notedl 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
IVpp 
Pin) 
VPP 
20.0 
21.0 
22.0 
V 


VPP Supply 
Current 


VPP = 5.25 V 
Ipp 
- 
- 
8 
mA 


Vpp=21.0 
V 
- 
- 
3J 


Programming 
Oscillator 
FreQuency 
foscp 
0.9 
1.0 
1.1 
MHz 


Bootstrap 
Programming 
Mode 
Voltage 
(TIMER 
Pin) lin- 
100 pA Max 
VIHTP 
9.0 
12.0 
15.0 
V 


Chanlctariatic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 


Normal 
lose 
0.4 
- 
4.2 
MHz 


Instruction 
Cycle Time 
(4/fosel 
tcvc 
0.950 
- 
10 
ps 


iN'f or Timer 
Pulse Width 
(See Interrupt 
Section) 
twL. 
twH 
tcyc+ 
250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc+250 
ns 


AErn Delay Time 
IExternal 
Cap- 
1.0 I'F) 
tRHL 
100 
- 
- 
ms 


iN'!' Zero Crossing 
Detection 
Input 
Frequency 
flNT 
0.03 
- 
1.0 
kHz 


External 
Clock 
Duty 
Cycle (EXTAU 
(See Figure 
121 
- 
40 
50 
50 
96 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
High Voltage 
I'iEID 14.75:5VCC:55.751 
4.0 
- 
VCC 


IVCC<4.75) 
VCC-0.5 
- 
VCC 


INT 
14.75:5 VCC:55.75) 
VIH 
4.0 
** 
VCC 
V 


IVCC<4.75) 
VCC-0.5 
** 
VCC 


All Other 
2.0 
- 
VCC 


Input 
High Voltage 
(TIMER 
Pinl· 


Timer Mode 
VIH 
20 
- 
VCC 
V 


Bootstrap 
Programming 
Mode 
9.0 
12.0 
150 


Input Low Voltage 
!iESIT 
-0.3 
- 
08 


iN'!' 
VIL 
-03 
** 
15 
V 


All Other 
-0.3 
- 
08 


Internal Power Dissipation (No Port Loading. 
VCC=5.25 
V, TA=O°Cl 
PINT 
- 
450 
TBD 
mW 


Input 
Capacitance 


XTAL 
Gin 
- 
25 
- 
pF 
All Other 
- 
10 
- 


lNT Zero-Crossing 
Voltage. 
through 
a Capacitor 
VI NT 
2.0 
- 
4.0 
Vacp-p 


~ 
Hysteresis 
Voltage 
ISee Figure 
111 
Out of Reset Voltage 
VIRES+ 
2.1 
- 
4.0 
V 
Into 
Reset Voltage 
VIRES- 
0.8 
- 
2.0 


Programming 
Voltage 
IVpp 
Pinl 
Programming 
EPROM 
vpp* 
20.0 
21.0 
22.0 
V 
Operating 
Mode 
4.0 
VCC 
5.75 


Input Current 
TIMER 
1Vin = 0.4 VI 
- 
- 
20 


INT 
1Vin=0.4 
V) 
- 
20 
50 
EXTAl 
1Vin=2.4 
V to VCC Crystal 
Option) 
lin 
- 
- 
10 
pA 
1Vin = 0.4 V Crystal 
Option 1 
- 
- 
-1600 


i!lEm IVin~0.8 
V) 
-4.0 
- 
-40 
(External Capacitor 
Changing 
Currentl 


·Vpp 
is Pin 6 on the MC68706P3 
and is connected 
to VCC in the Normal 
Operating 
Mode. 
In the MC69J5P2, 
Pin 6 is NUM and is connected 
to VSS 
in the Normal 
Operating 
Mode. 
The user must allow 
for this difference 
when 
emulating 
the MC69J5P2 
ROM-based 
MCU. 


• 


• 


Characteristic 
I Symbol I 
Min 
I 
Typ 
Max 
I 
Unit 


PortA 


Output 
Low 
Voltage, 
ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage, 
ILoad - 
- 
100 ~A 
VOH 
2.4 
- 
- 
V 


Output 
High 
Voltage, 
ILoad - 
-10 
~A 
VOH 
VCC-1.0 
- 
- 
V 


Input 
High Voltage, 
ILoad- 
300 ~A IMaxl 
VIH 
2.0 
- 
VCC+0.7 
V 


Input 
Low 
Voltage, 
ILoad - 
- 500 ~A IMaxl 
VIL 
VSS 
- 
08 
V 


Hi-Z State 
Input 
Current 
1Vin-2.O 
V toVCCI 
IIH 
- 
- 
-300 
~A 


Hi-Z State 
Input 
Current 
1Vin - 0.4 VI 
IlL 
- 
- 
-500 
~A 


Port B 


Output 
Low 
Voltage, 
ILoad= 
3.2 mA 
VOL 
- 
- 
0.4 
V 


Output 
Low 
Voltage, 
ILoad-lO 
mA 
ISinkl 
VOL 
1.0 
V 


Output 
High Voltage, 
ILoad - 
- 200 ~A 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), 
VO-1.5 
V 
IOH 
1.0 
10 
mA 


Input 
High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITS I 
- 
2 
20 
~A 


Port C 


Output 
Low 
Voltage, 
ILoad - 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output 
High Voltage, 
ILoad - 
- 
100 ~A 
VOH 
2.4 
- 
- 
V 


Input 
High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


-Input Low Voltage 
VIL 
VSS 
- 
08 
V 


Hi·Z State Input Current 
ITSI 
- 
2 
20 
~A 


SIGNAL DESCRIPTION 


The input and output signals for the MCU are described in 


the following 
paragraphs. 


VCC and VSS - 
Power is supplied to the MCU using two 


pins. VCC is power and VSS is the ground 
connection. 


INT - 
This pin allows an external event to asynchronously 


interrupt 
the processor. 
It can also be used as a polled input 


using the Bil 
and BIH instructions. 
Refer to INTERRUPTS 


for additional 
information. 


VCC=5.75V 


1.5kO 


XTAl 
and EXTAl 
- 
These pins provide connections 
to 
the on-chip clock oscillator circuit. A crystal, a resistor, or an 
external signal, depending 
on the ClK 
bit (see MASK 
OP- 


TIONS), is connected to these pins to provide a system clock 
source with 
various 
stability/cost 
tradeoffs. 
lead 
lengths 


and stray capacitance 
on these two 
pins should 
be mini- 
mized. Refer to INTERNAL CLOCK GENERATOR OPTIONS 
for recommendations 
about these inputs. 


TestPoint~ 
r 
TIMER - 
This is used as an external input to control the 


internal timer/circuitry. 
This pin also detects a higher voltage 


level used to initiate the bootstrap program (see PROGRAM- 
MING FIRMWAREl. 
Refer to TIMER for additional 
informa- 


tion about the timer circuitry. 


RESET - 
This pin has a Schmitt Trigger input and an on- 
chip pullup. 
The MCU can be reset by pulling 
RESET low. 


Refer to RESETS for additional 
information. 


Test 


Point 
VI 


VCC=5.75V 


2.97 kO 


Vpp - 
This pin is used when programming 
the EPROM. 


By applying the programming 
voltage to this pin, one of the 


requirements 
is met for programming 
the EPROM. In normal 
operation, 
this 
pin is connected 
to VCC. 
Refer to PRO- 


GRAMMING 
FIRMWARE 
and 
ELECTRICAL 


CHARACTERISTICS. 


INPUT/OUTPUT 
LINES IPAo-PA7, 
PBo-PB7, PCO-PC7, 


PDo-PD71 - 
These 20 lines are arranged into two 8-bit ports 
(A and BI and one 4-bit port ICI. All lines are programmable 
as either inputs or outputs, 
under software control of the 
Data Direction Registers IDDRsl. Refer to INPUT/OUTPUT 
paragraphs for additional information, 
being sure to observe 
the Caution. 


MEMORY 


As shown in Figure 4, the MCU is capable of addressing 
2048 bytes of memory and I/O registers with its program 
counter. The MC68705P3 MCU has implemented 2041 bytes 


of these locations. 
This consists of: 
1804 bytes of user 
EPROM, 115 bytes of bootstrap 
ROM, 112 bytes of user 
RAM, an EPROM Mask Option 
Register (MORI, a Program 


Control Register IPCRI, and eight bytes of I/O. 
The user 
EPROM is located in two areas. The main EPROM area is 
memory locations $080 to $783. The second area is reserved 
for eight interruptI reset vector bytes at memory locations 
$7F8 to $7FF. The MCU uses nine of the lowest 16 memory 
locations for program control and I/O features such as ports, 
the port DDRs, and the timer. The Mask Option Register at 
memory location $784 completes the total. The 112 bytes of 
user RAM include up to 31 bytes for the stack. 


7 
0 
7 
6 
5 
4 
3 
2 
1 
0 
000 
SOOO 
0 
Port A 
SOOO 
• 


1/0 
Ports Timer 


Page Zero 
and 
Port 
B 
Sool 


Access 
with 
RAM 


Short 
127 
1128 8ytesl 
1 
1 
Port 
C 
S002 


lnslructlons 
128 
Page Zero 
Not Used 
S003 


User 
EPROM 
4 
Port 
A DDR * 
SOO4 
255 
1128 Bytesl 


256 ----- 
5 
Port 
B DDR* 
S005 


6 
1 
1 
Port C DDR 
SOO8 


Main User 
Not 
Used 
S007 


EPROM 
8 
Timer Data Reg 
SOO6 
11668 Bytes' 
9 
Timer Control Reg 
SOO9 


10 
Not 
Used 
SooA 


1923 ---- 


S783 
11 
Programming 
SooB 


1924 
Mask Option 
Reg 
S784 
Control 
Reg 


1925 
Bootstrap 
S785 
Not Used 
SooC-ooF 


ROM 
SOlO 


2039 
1115 Bytesl 
S7F7 
r 


Timer Interrupt 
S7F8 
2041 ---- 
S7F9 


2042 
External Interrupt 
S7FA 
Interrupt 
2043 ---- 
S7FB 
S07F 
Vectors 
2044 
SWI 
S7FC 
2045 ---- 
S7FD 
2046 
Reset 


S7FE 
2047 
S7FF 


Caution 
Data Direction 
RegIsters mORsl 
are write-only; 
they read as SFF. 


The stack area is used during the processing of interrupt 


and subroutine calls to save the processor state. The register 
contents are pushed onto the stack in the order shown in 
Figure 5. Because the stack 
pointer 
decrements 
during 


pushes, the low order byte (PCLJ of the program counter is 
stacked first; then the high order three bits (PCHI are stack- 
ed. This ensures that the program counter is loaded correctly 
during 
pulls from 
the stack since the stack pointer 
in- 
crements during pulls. A subroutine call results in only the 
program counter IPCL, PCHI contents being pushed onto 
the stack; the remaining CPU registers are not pushed. 


FIGURE 
5 - 
INTERRUPT 
STACKING 
ORDER 


543210 


1 I 


Condition 
11 
Code 
Register 


Accumulator 


Index 
Register 


1 
11 
11 
1 I 
PCH* 


PCL* 
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CENTRAL PROCESSING UNIT 
The 
CPU 
of 
the 
M6805 
Family 
is 
implemented 
in- 


dependently from the 1/0 or memory configuration. 
Conse- 


quently, 
it can be treated as an independent central pro- 


cessor communicating 
with 
1/0 
and memory via internal 
address. data, and control buses. 


REGISTERS 
The M6805 Family CPU has five registers available to the 
programmer. They are shown in Figure 6 and are explained in 
the following paragraphs. 


FIGURE6 - 
PROGRAMMINGMODEL 
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ACCUMULATOR (A) - 
The accumulator is a general pur- 


pose 8-bit register used to hold operands and results of the 
arithmetic calculations or data manipulations. 


INDEX REGISTER (X) - 
The index register is an 8-bit 
register used for the indexed addressing mode. It contains an 
8-bit value that may be added to an instruction 
value to 
create an effective address. The index register can also be 
used for data manipulations using read-modify-write instruc- 
tions. The index register may also be used as a temporary 
storage area. 


PROGRAM COUNTER (PC) - 
The program counter is an 
11-bit register that contains the address of the next instruc- 
tion to be executed. 


STACK POINTER (SP) - 
The stack pointer is an 11-bit 
register that contains the address of the next free location on 
the stack. During an MCU reset or the Reset Stack Pointer 
(RSP) instruction, 
the stack pointer is set to location $07F. 


The stack pointer is then decremented as data is pushed on- 
to the stack and incremented as data is then pulled from the 
stack. The six most significant bits of the stack pointer are 
permanently set to <XXXl11.Subroutines and interrupts may 
be nested down to location $061 (31 bytes maximum), which 
allows the programmer to use up to 15 levels of subroutine 
calls lIess if interrupts are allowedl. 


CONDITION 
CODE REGISTER (CC) 
- 
The condition 
code register is a 5-bit register in which four bits are used to 
indicate the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each of the five bits is ex- 
plained below. 


Half Carry (H) - 
Set during ADD and ADC operations to 


indicate that a carry occurred between bits 3 and 4. 


Interrupt (I) - 
When this bit is set the timer and external 
interrupt liNT) are masked (disabledl. If an interrupt occurs 
while this bit is set, the interrupt is latched and is processed 
as soon as the interrupt bit is cleared. 


Negative (N) - 
When set, this bit indicates that the result 
of the last arithmetic, 
logical, 
or data manipulation 
was 


negative (bit 7 in the result is a logical "1"). 


Zero (Zl - 
When set, this bit indicates that the result of 
the last arithmetic, logical, or data manipulation was zero. 


Carry/Borrow 
(C) - 
When set, this bit indicates that a 
carry or borrow out of the arithmetic logic unit (AlUI 
occur- 


red during the last arithmetic operation. This bit is also af- 
fected during bit test and branch instructions plus shifts and 
rotates. 


TIMER 
The MC68705P3 MCU timer consists of an 8-bit software- 


programmable counter which is driven by a 7-bit software- 
programmable prescaler. Various timer clock sources may be 
selected ahead of the prescaler and counter. The timer selec- 
tions are made via the Timer Control Register (TCRI and/or 
the Mask Option Register (MORI. The TCR also contains the 
interrupt control bits. The sections elsewhere entitled TIMER 
CONTROL REGISTER and MASK OPTIONS include addi- 
tional details on controlling this timer. 


The MCU timer circuitry is shown in Figure 7. The 8-bit 
counter 
may be loaded 
under 
program 
control 
and 
is 
decremented toward zero by the fCIN counter input (output 
of the prescaler option selectionl. Once the 8-bit counter has 
decremented to zero, it sets the TIR ITimer Interrupt 
Re- 


quest! bit 7 Ib7 of TCRI. The TIM (Timer Interrupt Maskl bit 
1b61can be software set to inhibit the interrupt request, or 
software cleared to pass the interrupt 
request to the pro- 


cessor. When the I-bit in the Condition 
Code Register is 
cleared, the processor receives the Timer Interrupt. 
The 
MCU responds to this interrupt by saving the present CPU 
state on the stack, fetching the timer interrupt vector from 
locations $7F8 and $7F9 and executing the interrupt routine. 
The processor is sensitive to the level of the timer interrupt 
request line; therefore if the interrupt is masked, the TIR bit 
may be cleared by software le.g., BClRI without generating 
an interrupt. 
When servicing a timer interrupt, 
the TIR bit 
MUST be cleared by the timer interrupt service routine soft- 
ware in order to clear the timer interrupt request. 


The counter continues to count (decrement) after falling 
through to $FF from zero. Thus, the counter can be read at 
any time by the processor without disturbing the count. This 
allows a program to determine the length of time since the 
occurrence of a timer interrupt 
and d03s not disturb the 
counting process. 


Internal 
~2 
Clock 


Ilosc+41 


Timer Control Register Bits: 


TIR - Timer InterrLlpt Request Status 
TlM- 
Timer Interrupt Mask 
TIN - Timer 
Input 
Select 
TIE - Timer 
External 
Input 
Enable 
PSC - Prescaler 
Clear 
PS2, PS1, PSO- 
Prescaler 
Select 


Mask Option Register Bits: 


ClK - Clock Oscillator 
Type 


TOPT - Timer 
Maskl Programmable 
Option 


ClS - Timer 
Clock 
Source 
P2, P1, PO- Prescaler 
Option 
• 


II 


The clock input to the timer can be from an external 
source Idecrementing the counter occurs on a positive tran- 
sition of the external source) applied to the TIMER input pin, 
or it can be the internal <1>2signal. The maximum frequency 
of a signal that can be recognized by the TIMER pin logic is 
dependent on the parameter labeled tWL, 
tWH. 
The pin 
logic that recognizes the high state on the pin must also 
recognize the low state on the pin in order to "re-arm" 
the 


internal logic. Therefore, the period can be calculated as 
follows: lassumes 50/50 
duty cycle for a given period) 


. 
1 
tcyc x 2 + 250 ns = period = 
freq 


The period is not simply tWL + tWH. This computation is 
allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily longer period 1250ns 
twice). 


When the <1>2signal is used as the source, it can be gated 
by an input applied to the TIMER pin allowing the user to 
easily perform pulse-width measurements. INote: When the 
MOR TOPT bit is set and the CLS bit is clear, an ungated <1>2 
clock input is obtained by tying the TIMER pin to VCc.) The 
source of the clock input is selected via the TCR or the MOR 
as described later. 


A prescaler option can be applied to the clock input that 
extends the timing interval up to a maximum of 128 counts 
before decrementing 
the counter. 
This prescaling option 
selects one of eight outputs on the 7-bit binary divider; one 
output bypasses prescaling. To avoid truncation errors, the 
prescaler is cleared when bit b3 of the TCR is written to a 
logic" 1", when in the software controlled mode ITOPT = 0, 
more on these modes in later paragraphs!; however, TCR bit 
b3 reads as a logic "0" when TOPT = 0 and as a "1" when 
TOPT = 1 to ensure proper operation with read-modify-write 
instructions Ibit set and clear for examplel. 


At Reset, the prescaler and counter are initialized to an all 


"ls" 
condition; the Timer Interrupt Request bit ITCR, b7! is 
cleared and the Timer Interrupt Request mask ITCR, b6) is 
set. TCR bits bO,bl, b2, b4, and b5 are initialized by the cor- 
responding Mask Option Register IMORI bits at Reset. They 
are then software selectable after Reset if TOPT = O. 


Note that the timer block diagram in Figure 7 reflects two 
separate timer control configurations: a! software controlled 
mode via the Timer Control Register ITCR), and b! MOR 
controlled mode to emulate a mask ROM version with the 
Mask Option Register. In the software controlled mode, all 
TCR bits are read/write, 
except bit b3 which is write-only 


lalways reads as a logic "0"1. In the MOR controlled mode, 
TCR bits b7 and b6 are read/write, 
the other six have no ef- 


fect on a write and read as logic "ls". 
The two configura- 


tions provide the user with the capability to freely select 
timer options as well as accurately emulate the MC6805P2 
and MC6805P4 mask ROM version. In the following 
para- 


graphs refer to Figure 9 as well as the TIMER CONTROL 
REGISTER and MASK OPTIONS sections. 


The TOPT lTimer Option) bit Ib6) in the Mask Option 
Register is EPROM programmed to a logical "0" to select the 
software controlled mode, which is described first. TCR bits 
b5, b4, b3, b2, b1, and bOgive the program direct control of 
the prescaler and input selection options. 


The Timer Prescaler input (fpIN) can be configured 
for 
three 
different 
operating 
modes, 
plus a disable mode, 


depending upon the value written to TCR control bits b4 and 
b5 ITIE and TINI. 


When the TIE and TIN bits are programmed to "0", 
the 
timer input is from the internal clock 1<1>2) 
and TIMER input 


pin is disabled. The internal clock mode can be used for 
periodic interrupt generation as well as a reference for fre- 


quency 
and 
event 
measurement. 


When 
TIE= 1 and TIN = 0, the Internal clock and the 


TIMER input pin signals are ANDed to form the timer input 
fplN. 
This mode can be used to measure external pulse 


widths. The external pulse simply gates in the internal clock 
for the duration of the pulse. The accuracy of the count in 
this mode is ± one count. 


When TIE=O and TIN= 1, no fplN input is applied to the 


prescaler and the timer is disabled. 


When TIE and TIN are both programmed to a "1", 
the 


timer is from the external clock. The external clock can be 
used to count external events as well as provide an external 
frequency for generating periodic interrupts. 


Bits bO, bl, and b2 in the TCR are program controlled to 
choose the appropriate 
prescaler output. 
The prescaling 
divides the fplN frequency by 1,2,4, 
etc. in binary multiples 


to 128 producing fCIN frequency to the counter. The pro- 
ce~30r 
cannot 
write 
into 
or 
read 
from 
the 
prescaler; 


however, the prescaler is set to all "1s" by writing b3 of TCR 
to, 
"1", 
which allows for truncation-free counting. 
The MOR controlled mode of the timer is selected when 


the TOPT ITimer Option! bit (b6) in the MOR is programmed 
to a logical "1" to emulate the mask-programmable prescaler 
of the MC6805P2 and MC6805P4. The timer circuits are the 
same as described above; 
however, 
the 
Timer 
Control 


Register ITCR) is configured differently, as discussed below. 


The logical level for the functions of bits bO,bl, b2, and b5 
in the TCR are all determined at the time of EPROM pro- 
gramming. They are controlled by corresponding bits within 
the Mask Option Register IMOR, $7841.The value program- 
med into MOR bits bO, bl, b2, and b5 controls the prescaler 
division and the timer clock selection. Bit b4 ITIEI and b3 
IPSC) are set to a logical "1" in the MOR controlled mode. 
(When read by software, these six TCR bits always read as 
logical "ls".) 
As in the software programmable configura- 


tion, the TIM (b6) and TIR Ib7! bits of the TCR are controlled 
by the counter and software as described above and in the 
TIMER CONTROL REGISTER section. The MOR controlled 
mode is designed to exactly emulate the MC6805P2 and 
MC6805P4which has only TIM and TIR in the TCR and have 
the 
prescaler 
options 
defined 
as 
manufacturing 
mask 
options. 


RESETS 


The MCU can be reset in two ways: by initial power-up 


and by the external reset input (RESET!. Upon power-up, a 
delay of tRHL is needed before allowing the RESET input to 
go high. This time allows the internal clock generator to 
stabilize. Connecting a capacitor to the RESET input, as 
shown in Figure 8, typically provides sufficient delay. 


Part of 


MC68705P3 


MCU 


The internal circuit connected 
to the RESET pin consists 
of a Schmitt 
trigger which senses the RESET line logic level. 


The Schmitt 
trigger provides an internal reset voltage when 
it senses logical "0" 
on the RESIT pin. During 
power-up, 
the Schmitt 
trigger 
switches 
on Iremoves reset) when the 


RESET pin voltage rises to VIRES +. When the m pin 
voltage 
falls to a logical "0" 
for a period longer than one 
tcyc, the Schmitt 
trigger switches 
off to provide an internal 
reset voltage. The "switch 
off" 
voltage occurs at VIRES- 
A typical reset Schmitt 
trigger hysteresis curve is shown in 
Figure 9. See Figure 13 under INTERRUPTS 
for the com- 
plete reset sequence. 


INTERNAL 
CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to require a 
minimum 
of external 
components. 
A crystal, 
a resistor, 
a 
jumper wire, or an external signal may be used to generate a 
system clock with various stability! cost tradeoffs. 
The Mask 


Option Register (EPROM) is programmed 
to select crystal or 
resistor 
operation. 
The 
oscillator 
frequency 
is internally 
divided by four to produce the internal system clocks. 
The different connection 
methods are shown in Figure 10. 


5 XTAL 
CJ 
MC68705P3 
4 EXTAL 
MCU 


CL .::c 


(See Note 21 


External 
Clock 
Input 


MC68705P3 
MCU 


ICrystal Option, 


MaR b7=OJ 


Approximately 
25% 
to 50% 
Accuracy 


Typical tcyc= 1.25~s 


External Jumper 


R 
(See Figure 131 4 


No 


Connection 


MC68705P3 
MCU 


IRC Option,. 
MaR b7= 11 


Approximately 
10% to 25% 
Accuracy 
(Excludes 
Resistor 
T olerancel 


External Resistor 


NOTES: 
1. When 
the TIMER 
input pin is in the VIHTP 
range (in the bootstrap 
EPROM 
programming 
model. 
the crystal option is forced. When 
the 
TIMER input is at or below VCC, the clock generator option is determined by bit 7 of the Mask Option Register(CLKJ. 


2. 
The recommended 
CL value with a 4.0 
MHz 
crystal is 27 pF maximum, 
including system distributed 
capacitance. 
There is an internal 
capacitance 
of approximately 
25 pF on the XTAL pin. For crystal frequencies other than 4 MHz. the total capacitance on each pin should be 
scaled as the inverse of the frequency ratio. For example. with a 2 MHz crystal, use approximately 
50 pF on EXTAL and approximately 
25 pF 
on XTAL. 
The exact value depends on the Motional-Arm 
parameters 
of the crystal used. 


II 
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Crystal specifications and suggested PC board layouts are 
given in Figure 11. A resistor selection graph is given in 
Figure 12. 


FIGURE 
11 - 
CRYSTAL 
MOTIONAL-ARM 
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AND 
SUGGESTED 
PC BOARD 
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lal 


C, 


EXTAL~~XTAL 
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~ 
5 


AT 
- 
Cut Parallel Resonance Crystal 
Co=7 
pF Max. 


Freq. = 4.0 MHz 
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g 5.0 
'"~I4.0 


~ 3.0 
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The crystal oscillator start-up time is a function of many 
variables: crystal parameters (especially RSJ, oscillator load 
capacitances, 
IC parameters, 
ambient 
temperature, 
and 
supply voltage. To ensure rapid oscillator start-up neither the 
crystal characteristics nor the load capacitances should ex- 
ceed recommendations. 


BOOTSTRAP ROM 
The bootstrap 
ROM contains a factory program which 
allows the MCU to fetch data from an external device and 
transfer it into the MC68705P3 EPROM. The bootstrap pro- 
gram provides: timing of programming pulses, timing of Vpp 
input. and verification after programming. See PROGRAM- 
MING FIRMWARE section. 


MASK OPTION REGISTER (MORI 


The Mask Option Register is an 8-bit user programmed 
IEPROM) register in which six of the bits are used. Bits in 
this register are used to select the type of system clock, the 
timer option, 
the timer/prescaler 
clock 
source, and the 
prescaler option. It is fully described in the MASK OPTIONS 
section. 


INTERRUPTS 


The MC68705P3 MCU can be interrupted three different 
ways: through 
the external interrupt 
liNT) 
input pin, the 
internal timer interrupt request, or the software interrupt in- 
struction (SWI). When any interrupt occurs: the current in- 
struction 
lincluding 
SWI) 
is 
completed, 
processing 
is 
suspended, the present CPU state is pushed onto the stack, 
the interrupt bit (I) in the Condition Code Register is set. the 
address of the interrupt routine is obtained from the appro- 
priate interrupt vector address. and the interrupt routine is 
executed. Stacking the CPU registers, setting the I-bit. and 
vector fetching requires a total of 11 tcyc periods for comple- 
tion. 
A flowchart 
of the interrupt 
sequence is shown in 


Figure 
13. The interrupt 
service routine 
must end with 
a 
return from interrupt 
(RTI) instruction 
which allows the CPU 
to resume processing 
of the program prior to the interrupt 
(by 
unstacking 
the 
previous 
CPU state!. 
Unlike rnrr 
hardware 
interrupts 
do not 
cause the current 
instruction 
execution 
to be halted, but are considered pending until the 
current 
instruction 
execution 
is complete. 


When 
the current 
instruction 
is complete, 
the processor 
checks all pending 
hardware 
interrupts 
and, if unmasked, 


proceeds with interrupt 
processing; 
otherwise, 
the next in- 
struction 
is fetched' and executed. 
Note that masked inter- 
rupts are latched for later interrupt 
service. 


If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction 
execution, 
the external inter- 
rupt is serviced first. The SWI is executed as any other in- 
struction. 


The external 
interrupt 
is internally synchronized and then 
latched on the falling edge of INT. A sinusoidal input signal 


1-llinCCI 
07F-SP 
O-OORs 


CLR INT Logic 
FF-Timer 


7F - 
PrescaJer 


Load Options 
From 
MOR ($7841 Into 
Control 
Logic 


Load PC 
From 
7FE17FF 


Load PC From: 


SWI: 
7FC/7FO 
iNT: 
7FA /7FB 
TIMER: 
7F817F9 


Execute 
All 
Instruction 
Cycles 


• 
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(tINT maximum! can be used to generate an external inter- 
rupt, as shown in Figure 14(a), for use as a Zero-Crossing 
Detector 
(for 
negative transitions 
of 
AC sinusoid!. 
This 
allows applications such as servicing time-of-day routines 
and engaging/disengaging 
AC power control devices. Off- 


chip full-wave rectification provides an interrupt at every zero 
crossing of the AC signal and thereby provides a 2f clock. 


For digital applications, 
the TNT pin can be driven by a 
digital signal. The maximum frequency of a signal that can 
be recognized by the TIMER or INT pin logic is dependent on 
the 
parameter 
labeled 
tWL, 
tWH. 
The 
pin 
logic 
that 
recognizes the high (or lowl 
state on the pin must also 
recognize the low (or highl state on the pin in order to "re- 
arm" 
the 
internal 
logic. 
Therefore, 
the 
period 
can 
be 
calculated as follows: (assumes 50/50 duty cycle for a given 
period) 


1 
tCYCx 2 + 250 ns = period = 
freq 


The period is not simply tWL + tWH. This computation 
is 
allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily longer period 1250ns 
twice!. See Figure 14(b!. For the INT function, the maximum 


allowable freque~ 
is also determined 
by the software 


response of the JNT service routine. 


A software interrupt 
ISWII 
is an executable instruction 
which is executed regardless of the state of the I-bit in the 
Condition Code Register. SWls are usually used as break- 
points for debugging or as system calls. 


INPUT/OUTPUT 


There are 20 input/output 
pins. The INT pin may be polled 
with branch instructions to provide an additional input pin. 
All pins on Ports A, B, and C are programmable as either In- 
puts or outputs under software control of the corresponding 
Data Direction Register IDDRI. The port I/O programming is 
accomplished by writing 
the corresponding bit in the port 
DDR to a logic "I" 
for output or a logiC "0" 
for input. On 


Reset all the DDRs are initialized to a logiC "0" state, placing 
the ports in the input mode. The port output registers are not 
initialized on Reset but may be written to before setting the 
DDR bits to avoid undefined levels. When programmed as 
outputs, 
the latched output data is readable as input data 


regardless of the logic levels at the output pin due to output 
loading; see Figure 15. When Port B is programmed for out-' 
puts, it is capable of sinking 10 mA and sourcing 1 mA on 
each pin. 


(Current 


ac 
~Limiting) 
2 


Input 


(tiNT Maxi 
A 
O.t -'.0 


As 
MO 
I'F 
ac Input>:10Vacp-p 


TTL 
Level 
Digital 
Input 


Data 
DirectIon 
Register 


Bit* 


Latched 
OUlput 
Data 
6" 


Data 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 


1 
1 
I 
1 
0 
x 
High-Z* 
• 
P,n 


*OOR 
is write-only 
register and reads as all "15" 


* * Ports Band 
C are three-state 
ports. Port A has internal pullup 


devices to provide CMOS 
drive capability. 
See Electrical 


Characteristics 
tables for comptete information. 


All input/ output lines are TTl 
compatible as both inputs 
and outputs. Port A lines are CMOS compatible as outputs 
while port Band C lines are CMOS compatible as inputs. The 
memory map in Figure 6 gives the address of data registers 
and DDRs. The Register configuration is provided in Figure 
16. Figure 17 provides some examples of port connections. 


Caution 


The corresponding DDRs for ports A, B, and Care 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BClR are read-modify-write functions they 


cannot be used to set or clear a single DDR bit (all 
"unaffected" 
bits would be setl. It is recommended 
that all DDR bits in a port must be written 
using a 
single-store instruction. 


The latched output data bit (see Figure 151may always be 
written. 
Therefore, any write to a port writes all of its data 
bits even though the port DDR is set to input. This may be 
used to initialize the data registers and avoid undefined out- 
puts; 
however, 
care 
must 
be 
exercised 
when 
using 


read-modify-write 
instructions 
since 
the 
data 
read cor- 
responds to the pin level if the DDR is an input ("0") and cor- 
responds to the latched output data when the DDR is an out- 
put ("1"1. 


Port A Addr = $(XXJ 
Port 
B Addr ~ $001 


Port C Addr = $002 I Bits 0-31 


(1) Write Only; reads as all 15 
121 1 ~ Output, 
O~ Input 
Cleared 
to 0 by Reset 


131 Port A Addr = $004 
Port 
B Addr = $005 
Port C Addr ~ $006 


~ 
~_~~~I 
$OOB 


See 
detail 
description 
In ON·CHIP 
PROGRAMMING 
HARDWARE 
section. 
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Port A. Bit 7 Programmed as Output, 
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Load Directly 
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CMOS 
output 
option). 
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(TYPIcal) 
22 
PA2 
14 
PB2 


PAl 
PBl 


PAO 
PBC 


Tll Driving 
Port A Directly. 
CMOS 
or TlL Dnving 
Port B D.rectty. 


TIMER CONTROL REGISTER ITCR) 


The configuration 
of the TCR is determined 
by the logic 


level of bit 6 !Timer 
Option, 
TaPTI 
in the Mask Option 
Register (MORI. 
Two configurations 
of the TCR are shown 


below, 
one 
for 
TOPT = 1 and 
the 
other 
for 
TOPT = O. 


TOPT = 1 configures 
the TCR to emulate the MC6805P2 or 


MC6805P4. When TPOT = 0, it provides software control of 
the TCR. When TOPT= 1, the prescaler "mask" 
options are 
user programmable 
via the MOR. A description 
of each TCR 
bit is provided below lalso see Figure 8 and TIMERI. 


Timer Interrupt 
Request- 
Used to initiate the 


timer interrupt 
or signal a timer Data Register 
underflow 
when it is a logical "1". 


1= Set when the Timer Data Register changes 


to all zeros. 


0= Cleared by external reset or under program 
control. 


Timer 
Interrupt 
Mask- 
Used 
to 
inhibit 
the 


timer interrupt, to the processor, when it is a 
logical "1". 


1= Set by an external reset or under program 
control. 


0= Cleared under program control. 


External or Internal- 
Selects the input 
clock 
source to be either the external TIMER pin (7) 
or the internal 4>2. 


1= Selects the external clock source 
0= Selects 
the 
internal 
4>2 IfOSC+41 
clock 


source 


External Enable- 
Used to enable the external 
TIMER pin (7) or to enable the internal clock lif 
TIN = Ol regardless of the external 
timer 
pin 


state 
(disables 
gated 
clock 
featurel. 
When 
TOPT = 1, TIE is always a logical "1". 


1= Enables external timer pin. 
0= Disables external timer pin. 


TIN 
TIE 
CLOCK 
0 
0 
Internal Clock 1</>21 
0 
1 
Gated lAND! of Externaland 


Internal 
Clocks 
, 
0 
No Clock 
, 
1 
ExternalClock 


b3, PSC 
Prescaler Clear- 
This is a write-only 
bit. It reads 
as a logical "0" 
(when TOPT = Ol so the BSET 
and 
BCLR 
on 
the 
TCR 
function 
correctly. 


Writing 
a "1" 
into PSC generates a pulse which 


clears the prescaler. (When TOPT = 1 this bit is 
always read as a logical "1" and has no effect on 
the prescaler.) 


b2, PS2 
bl, 
PS1 
bO, PSO 


Prescaler 
Select- 
These 
bits 
are decoded 
to 
select 
one 
of 
eight 
outputs 
on 
the 
timer 
prescaler. The table below shows the prescaler 
division resulting from decoding these bits. 


PS2 
PSl 
PSO 
Prescaler 
Division 


0 
0 
0 
1 (Bypass 
Prescalerl 


0 
0 
1 
2 
0 
1 
0 
4 


0 
1 
1 
8 
, 
0 
0 
16 
, 
0 
1 
32 
, 
1 
0 
64 
, 
1 
1 
128 


Note 


When 
changing 
the PS2-PSO bits in software, 
the 


PSC bit should be written 
to a "1" 
in the same write 
cycle to clear the prescaler. Changing the PS bits with- 
out clearing 
the prescaler may cause an extraneous 


toggle of the Timer Data Register. 


• 


MASK OPTIONS 


The MC68705P3 Mask Option Register is implemented in 


EPROM. Like all other EPROM bytes, the MOR contains all 
zeros prior to programming. 


When used to emulate the MC6805P2 or MC6805P4, five 
of the eight MaR 
bits are used in conjunction 
with 
the 
prescaler. Of the remaining, the b7 bit is used to select the 
type of oscillator clock, and bits b3 and b4 are not used. Bits 
bO,bl, and b2 determine the division of the Timer prescaler. 
Bit b5 determines the Timer clock source. The value of the 
TOPT bit 1b6! is programmed to configure the TCR la logic 
"1" 
for MC6805P2/P4 
emulation!. 


If the MaR Timer Option ITOPT) bit is a 0, bits b5, b4, b2, 


b1, and bO set the initial value of their respective TCR bits 
during reset. After 
initialization 
the TCR is software con- 


trollable. 


A description of the MaR bits is as follows: 


Mask Option 
RegisterS784 


Clock Oscillator Type 
1~RC 
O~ Crystal 


Note 


VIHTP on the TIMER pin 171forces the crystal mode. 


Timer Option 
1~ MC6805P2/P4 
type timer/prescaler. 
All bits, 
except 
6 
and 
7, 
of 
the 
Timer-Control 


Register ITCR! are invisible to the user. Bits 
5, 2, 1, and a of the Mask Option Register 
determine 
the 
equivalent 
MC6805P2/P4 
mask options. 


O~ All TCR bits are implemented as a Software 
Programmable Timer. The state of MaR bits 
5,4,2, 
1, and a sets the initial values of their 


respective TCR bits ITCR is then software 
contolled after initialization!. 


Timer/Prescaler Clock Source 
1~ External TIMER pin. 
O~ Internal ",2 


Not used if MaR 
TOPT~ 1 IMC6805P2/P4 


emulation!. 
Sets initial value of TCR TIE if 
MaR TOPT~O. 


b3 


b2, P2 
bl, 
Pl 


bO, po 


Prescaler Option - the 
logical 
levels of 
these 
bits, when decoded, select one of eight outputs 
on the timer prescaler. The table below shows 
the division resulting from decoding combina- 
tions of these three bits. 


P2 
Pl 
PO 
Prescaler DIvIsion 
0 
0 
0 
1 (Bypass Prescaler) 
0 
0 
1 
2 
0 
1 
0 
4 
0 
1 
1 
8 


1 
0 
0 
16 
1 
0 
1 
32 


1 
1 
0 
64 
1 
1 
1 
128 


Example 1 
To emulate an MC6805P2 to verfiy your pro- 
gram with an RC oscillator, and an event count 
input for the timer with no prescaling, the MaR 
would be set to "11111000". To write the MaR, 
it is simply programmed as any other EPROM 
byte. 


Example 2 
Suppose you wish to use the MC68705P3 pro- 
grammable prescaler functions, 
and you wish 
the initial condition of the prescaler to be divid- 
ed by 64, with the input disabled and an internal 
clock source. If the clock oscillator was to be in 
the crystal mode, the MaR 
would 
be set to 
"סס OO1110". 


ON-CHIP PROGRAMMING HARDWARE 


The Programming Control Register IPCRI at location SOOB 


is an 8-bit register which utilizes the three LSBs Ithe five 
MSBs are set to logic "1s"). 
This register provides the 


necessary control bits to allow programming the MC68705P3 
EPROM. The bootstrap program manipulates the PCR when 
programming, so that users need not be concerned with the 
PCR in most applications. A description of each bit follows. 


Program 
Control 
RegisterSOOB 


Programming Latch Enable- When cleared this 
bit allows the address and data to be latched in- 
to the EPROM. When this bit is set, data can be 
read from the EPROM. 


1~ (set! read EPROM 
O~ Iclearl 
latch 
address 
and 
data 
into 


EPROM (read disabled) 


PLE is set during a Reset, but may be cleared 
any time. However, its effect on the EPROM is 
inhibited if VPON is a logic" 
1" 


Program Enable- When cleared, PGE enables 
programming of the EPROM. PGE can only be 
cleared if PLE is cleared. ~ 
must be set when 
changing the address and data; i.e., setting up 
the byte to be programmed. 


1~ Isell inhibit EPROM programming 
O~ Iclear! enable EPROM programming lif 
PLt is low! 
PGE is set during a Reset; however, it has no 
effect on EPROM circuils if VPON is a logic 
"1". 


b2, VPON 
IVpp ON!- WON is a read-only bit and when at 
a logiC "0" 
it indicates that a "high voltage" 
is 


present at the Vpp pin. 


1~ no "high voltage" on Vpp pin 
O~ "high voltage" on Vpp pin 
VPON being "1" 
"disconnects" 
PGE and PLE 
from the rest of the chip, preventing accidental 
clearing of these bits from effecting the normal 
operating mode. 


Note 


VPON being "a" does not indicate that the Vpp 
level is correct for programming. 
It is used as a 


safety 
interlock 
for 
the 
user 
in 
the 
normal 
operating 
mode. 
The Programming 
Control 
Register functions 
are shown 
below: 


2537 A. The recommended 
integrated 
dose IUV intensity 
x 


exposure 
time) is 25 Wsl cm2. The lamps should 
be used 
without 
shortwave 
filters 
and the 
MC68705P3 should 
be 
positioned 
about 
one inch from 
the UV tubes. 
Ultraviolet 
erasure clears all bits of the MC68705P3 EPROM to the "a" 
state. Data is then entered 
by programming 
"1 s" into the 
desired bit locations. 


Caution 


Be sure that the EPROM window 
is shielded from light 


except when erasing. This protects 
both the EPROM 
and light-sensitive 
nodes. 


VPON PGE 
PLE 
Programming 
Conditions 
0 
0 
0 
Programming mode (program EPROMbytel 
1 
0 
0 
PGEand PLEdisabled from system 


0 
1 
0 
Programming 
disabled !latch address and 
data In EPROM) 


1 
1 
0 
PGEand PLE disabled from system 
0 
0 
1 
Invalid state; PGE= 0 iff PLE= 0 


1 
0 
1 
Invalid state; PGE=O Iff PLE=O 
0 
1 
1 
"High voltage" on VPP 
1 
1 
1 
PGEand PLE disabled from system 
IOperatlng Model 


PROGRAMMING 
FIRMWARE 


The MC68705P3 has 115 bytes of mask ROM containing 
a 
bootstrap 
program 
which 
can 
be 
used 
to 
program 
the 
MC68705P3 EPROM. The vector at addresses $7F6 and $7F7 
is used to start executing 
the program. This vector is fetched 
when 
VIHTP 
is applied 
to 
pin 
7 
(TIMER 
pin) 
of 
the 
MC68705P3 and the RESIT 
pin is allowed 
to rise abov~ 
VIRES + . Figure 18 provides a schematic diagram of a circuit 
and a summary of programming 
steps which can be used to 
program the EPROM in the MC68705P3. 


ERASING THE EPROM 


The MC68705P3 EPROM can be erased by exposure 
to 


high-intensity 
ultraviolet 
IUVI 
light 
with 
a wavelength 
of 


VCC 
VSS 


INT 
~;3 
.I 0 1 
VCC 
24 21 


VCC 
17 
19 -=- 
15011 
EXTAL 
PA7 27 
D7 


PA6 26 
16 D6 
22 
14010 
25 
15 
23 
1209 
PA5 
D5 
01 
XTAL 
24 
14 
PM 
D4 
1308 
MCl40408 


+26 V 
23 
13 
12·8,1 
PA3 
D3 
2 
407 


Counter 


PA2 22 
11 D2 
3 
206 
100 
6 
21 
10 Dl 
VPP 
PAl 
305 


7 TIMER 
PAO 20 
900 
4.7k 
504 
MCM2716 
6 
603 


S2 
/16K EPROMI 
702 
19 
VCC 
12 
PB7 
8 
901 
PBO 
18 
8 
PB6 
CLK RST 
PCO 
PB5 17 ~ 
9 PCl 
.... 
.... 


10 
-i 
" 
PC2 
PB4 16 
11 PC3 
PB3 15 
COUNT 


PBl PB2 


4.7k 
13 ~ 
14 


E 
1N4748A 
E 
"0 
VCC=VDD= 
+5.0V 
typical 


:" 
~ 
lN4742A 
~1 
VSS=OV 


510 
:;; 
VPP= + 21 V ± 1 V 
> 


510 
~ 
VCC 


Summary 
of Programming 
Steps: 


1. When plugging In the MC68705P3or the MCM2716. be sure 'hat Sl and S2 are closed and that VCC and + 26 V are not applied 
2. To Initiate 
programming, 
be sure 51.s 
closed. 
52 IS closed. and Vec and 
+26 
V are applied 
Then open 52. followed 
by 51 
3. Before removIng 
the MC68705P3, 
first close 52 and then close 51. Disconnect Vec and 
+26 
V; then remove 
ltle MC68705P3 


PROGRAMMING STEPS 


The MCM2716 UV EPROM must first be programmed with 
an exact duplicate of the information that is to be transferred 
to the MC68705P3. Non-EPROM addresses are ignored by 
the bootstrap. Since the MC68705P3 and the MCM2716 are 
to be inserted and removed from the circuit they should be 
mounted in sockets. In addition, the precaution below must 
be observed Irefer to Figure 18): 


Caution 


Be sure S1 and S2 are closed and VCC and + 26 V are 
not 
applied 
when 
inserting 
the 
MC68705P3 and 
MCM2716 into their respective sockets. This ensures 
that RESET is held low while inserting the devices. 


When 
ready 
to 
program 
the 
MC68705P3 it 
is only 


necessary to provide VCC and + 26 V, open switch S2 Ito 
apply Vpp and VIHTpl, and then open S1 Ito remove Resetl. 
Once the voltages are applied and both S2 and S1 are open, 
the CLEAR output control line IPB4) goes high and then low, 
then the l1-bit counter IMC14040BI is clocked by the PB3 
output ICOOiiIT). The counter selects the MCM2716 EPROM 
byte which 
is to load the equivalent MC68705P3 EPROM 
byte selected by the bootstrap program. Once the EPROM 
location is loaded, COUNT clocks the counter to the next 
EPROM location. 
This continues 
until the MC68705P3 is 
completely programmed at which time the Programmed in- 
dicator LED is lit. The counter is cleared and the loop is 
repeated to verify the programmed data. The Verified in- 
dicator LED lights if the programming is correct. 
Once the MC68705P3 has been programmed and verified, 
close switch 
S2 Ito 
remove Vpp 
and VIHTPI and close 
switch 
S1 Ito Resetl. Disconnect 
+ 26 V and VCC; then 
remove the MC68705P3 from its socket. 


MC6805P2 AND MC6805P4 EMULATION 


The MC68705P3 emulates the MC6805P2 and MC6805P4 


"exactly." 
MC6805P2/P4 mask features are implemented in 
the 
Mask Option 
Register IMORI 
EPROM byte on the 
MC68705P3. There are a few minor exceptions to the exact- 
ness of emulation which are listed below: 


1. The MC6805P2 "future 
ROM" area is implemented in 
the MC68705P3 and these 704 bytes must be left un- 
programmed to accurately simulate the MC6805P2/P4. 
IThe MC6805P2/ P4 reads all "Os" from this area.) 
2. The reserved ROM areas in the MC6805P2/P4 and 
MC68705P3 have different data stored in them and this 
data 
is 
subject 
to 
change 
without 
notice. 
The 


MC6805P2 uses the reserved ROM for the self-check 
feature and the MC68705P3 uses this area for the 
bootstrap program. 
3. The MC6805P2'reads all "1s" 
in its 48 byte "future 
RAM" 
area. This RAM 
is not 
implemented 
in the 
MC6805P2 mask ROM version, but is implemented in 
the MC68705P3 and MC68705P4. 


4. The Vpp line Ipin 61in the MC68705P3 must be tied to 
VCC for normal operation. In the MC6805P2, pin 6 is 
the NUM pin and is grounded in normal operation. The 
MC6805P4 uses pin 6 for VSB which is normally tied to 
VCC, as with the MC68705P3. 
5. The LVI feature is not available in the MC68705P3. 


Processing differences 
are not presently compatible 
with proper design of this feature in the EPROM ver- 
sion. 


6. The function in the Non-User Mode is not identical to 
the MC6805P2/P4 version. Therefore, the MC68705P3 
does not function in the MEX6805 Support System. In 
normal operation, all pin functions are the same as on 
the MC6805P2/P4 version, except for pin 6 as previous- 
ly noted. 
7. The MC6805P4 provides a standby RAM feature which 
is not available on the MC68705P3. 
The operation 
of all other 
circuitry 
has been exactly 


duplicated or designed to function exactly the same in bcth 
devices including Interrupts, 
Timer, Data Ports, and Data 
Direction Registers IDDRsl. A stated design goal has been to 
provide the user with a safe inexpensive way to verify his 
program and system design before committing 
to a factory 


programmed ROM. 


BIT MANIPULATION 


The MC68705P3 MCU has the ability to set or clear any 
single random-access memory or input/output 
bit (except 
the Data Direction Register, see Caution under INPUT/OUT- 
PUT paragraph), with a single instruction 
IBSET, BCLR). 
Any bit in the page zero memory can be tested, using the 
BRSET and BRCLR instructions and the program branches 
as a result of its state. The Carry bit equals the value of the 
bit referenced by BRSET and BRCLR. A Rotate instruction 
may then be used to accumulate serial input data in a RAM 
location or register. This capability to work with any bit in 
RAM, ROM, or I/O allows the user to have mdividual flags In 
RAM or to handle I/O bits as control lines. The coding exam- 
ple in Figure 19 illustrates the usefulness of the bit manipula- 
tion and test instructions. Assume that the MCU is to com- 
municate with an external serial device. The external device 


MCU 


READY 
f-- 
2 p 


Serial 
l- Clock 
, ~ 


DeVice 
T 
Data 
OA- 


SELF 
BRSET 
2,PORTA, SELF 


BSET 
1 ,PORTA 
BRCLR 
O,PORTA,CONT 
CONT 
BCLR 
1 ,PORTA 
ROR 
RAMLOC 


has a data ready signal, a data output line, and a clock line to 
clock data one bit at a time, LSB first, out of the device. The 
MCU waits until the data is ready, clocks the external device, 
picks up the data in the Carry flag (C-bitl, 
clears the clock 
line, and finally accumulates 
the data bit in a RAM location. 


ADDRESSING 
MODES 


The MC68705P3 MCU has 10 addressing modes which are 
explained briefly in the following 
paragraphs. 
For additional 
details and graphical illustrations, 
refer to the M6805 Family 
Users Manual. 


The term "effective 
address" (EAI is used in describing the 
addressing modes. EA is defined as the address from which 
the argument 
for an instruction 
is fetched or stored. 


IMMEDIATE 
- 
In the immediate 
addressing 
mode, the 
operand is contained 
in the byte immediately 
following 
the 
opcode. 
The immediate addressing mode is used to access 
constants 
which 
do not change during 
program execution 
(e.g., a constant 
used to initialize a loop counter!. 


DIRECT - 
In the direct addressing mode, the effective ad- 
dress of the argument 
is contained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 
256 bytes in memory 
with 
a single 
2-byte 
instruction. 
This address area includes 
all on-chip 
RAM, 
I/O 
registers, 
and 128 bytes of EPROM. Direct ad- 
dressing is an effective 
use of both memory and time. 


EXTENDED - 
In the extended addressing mode, the ef- 


fective address of the argument is contained in the two b';tes 
following 
the opcode. 
Instructions 
using extended address- 
ing 
are capable 
of 
referencing 
arguments 
anywhere 
in 
memory 
with 
a single 3-byte 
instruction. 
When 
using the 
Motorola 
assembler, 
the 
programmer 
need 
not 
specify 
whether 
an instruction 
uses direct or extended addressing. 


The assembler automatically 
selects the shortest form of the 
instruction. 


RELATIVE - 
The relative addressing mode is only used in 
branch instructions. 
In relative addressing, 
the contents 
of 
the 8-bit signed byte following 
the opcode (the offset I is add- 
ed to the PC, if and only if, the branch condition 
is true. 
Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative addressing is from 
-126 
to + 129 from the 
opcode 
address. 
The programmer 
need not worry 
about 
calculating 
the 
correct 
offset 
when 
using 
the 
Motorola 
assembler, since it calculates the proper offset and checks to 
see if it is within 
the span of the branch. 


INDEXED, 
NO OFFSET 
- 
In the 
indexed, 
no 
offset 
addressing 
mode, the effective 
address of the argument 
is 
contained 
in the 8-bit index register. Thus, this addressing 
mode can access the first 256 memory locations. 
These in- 


structions 
are only one byte long. This mode is often used to 
move a pointer through 
a table or to hold the address of a 
frequently 
referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET - 
In the indexed, 8-bit offset 
addressing 
mode, 
the effective 
address is the sum of the 
contents 
of the unsigned 8-bit index register and unsigned 
byte following 
the opcode. This addressing mode is useful in 


selecting 
the kth element 
in an n element table. With 
this 
2-byte instruction, 
k would typically be in X with the address 
of the beginning 
of the table in the instruction. 
As such, 
tables may begin anywhere within 
the first 256 addressable 


locations and could extend as far as location 510 ($1FE is the 
last location at which the instruction 
may begin). 


INDEXED. 16-BIT OFFSET - 
In the indexed. 16-bit offset 
addressing 
mode, 
the effective 
address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following 
the ope ode. This address mode can 
be used in a manner similar to indexed. 8-bit offset. 
except 
that this 3-byte instruction 
allows tables to be anywhere 
in 
memory. 
As 
with 
Direct 
and 
Extended 
addressing, 
the 
Motorola assembler determines the shortest form of indexed 
addressing. 


BIT SET/CLEAR 
- 
In the bit set/clear 
addressing mode. 
the bit to be set or cleared is part of the opcode and the byte 
following 
the opcode specifies the direct address of the byte 


in which 
the specified bit is to be set or cleared. Thus. any 


read/write 
bit in the first 256 locations of memory. including 


I/O. can be selectively set or cleared with a single 2-byte in- 
struction. 
See 
Caution 
under 
the 
INPUT/OUTPUT 
paragraph. 


BIT TEST 
AND 
BRANCH 
- 
The bit test and 
branch 
addressing mode is a combination 
of direct addressing and 


relative addressing. 
The bit which 
is to be tested and the 
condition 
(set or clear! is included 
in the opcode. 
and the 
address of the byte to be tested is in the single byte im- 
mediately 
following 
the ope ode byte. 
The signed 
relative 
8-bit offset is in the third byte and is added to the value of the 
PC, if the branch condition 
is true. This single 3-byte instruc- 
tion allows the program to branch based on the condition 
of 
any readable bit in the first 256 locations 
of memory. 
The 
span of branching 
is from 
-125 
to + 130 from the opcode 
address. The state of the tested bit is also transferred 
to the 
Carry bit of the Condition 
Code Register. See Caution under 
the INPUT/OUTPUT 
paragraph. 


INHERENT - 
In the inherent addressing mode. all the in- 


formation 
necessary to execute the instruction 
is contained 
in the opcode. Operations specifying 
only the index register 
~r accumulator. 
as well as control 
instruction 
with no other 
arguments. 
are included in this mode. These instructions 
are 
one byte long. 


INSTRUCTION 
SET 


The M C68705P3 M PU has a set of 59 basic instructions, 


which when combined 
with the 10 address modes produce 
207 usable opcodes. They can be divided into five different 
types: 
register/memory. 
read-modify-write, 
branch, 
bit 
manipulation, 
and control. 
The following 
paragraphs briefly 
explain each type. All the instructions 
within a given type are 
presented in individual 
tables. 


REGISTER/MEMORY 
INSTRUCTIONS 
- 
Most of these 
instructions 
use two operands. One operand is either the ac- 
cumulator 
or the index register. The other operand is obtain- 


ed from memory using one of the addressing 
modes. The 
jump unconditional 
(JMPI and jump to subroutine 
lJSRI 
in- 
structions 
have no register operands. 
Refer to Table 1. 


• 


• 


READ-MODiFY-WRITE 
INSTRUCTIONS 
- 
These in- 
structions 
read a memory location or a register, modify or 
test its contents, 
and write 
the modified 
value back to 


memory or to the register (see Caution under INPUT/OUT- 
PUT paragraph). The test for negative or zero lTST) instruc- 
tion is included in the read-modify-write instructions, though 
it does not perform the write. Refer to Table 2. 


(see Caution under INPUT/OUTPUT 
paragraphl. One group 


either sets or clears. The other group performs the bit and 
test branch operations. Refer to Table 4. 


CONTROL INSTRUCTIONS 
- The control 
instructions 
control 
the 
MCU 
operations 
during 
program 
execution. 


Refer to Table 5. 


BRANCH 
INSTRUCTIONS 
- 
The branch instructions 


cause a branch from the program when a certain condition is 
met. Refer to Table 3. 


ALPHABETICAL LISTING - 
The complete instruction set 
is given in alphabetical order in Table 6. 


BIT MANIPULATION 
INSTRUCTIONS - 
These instruc- 


tions are used on any bit in the first 256 bytes of the memory 


AddreSSing Modes 


Indelled 
IndeJted 
Indexed 
Immediate 
Direct 
Extended 
fNo Offsetl 
f8-Blt 
Othel) 
(16-811011se1) 


0. 
• . 
0. 
• . 
0 • . 
• 
0. . . 
0 • . . 
OP . . 


Function 
MnemoniC 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bvtes 
Cycles 
Code 
Byles 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A horn Memory 
lOA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
06 
3 
6 


load X from Memory 
lOX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


SIOfl~ A In Memory 
STA 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
07 
3 
7 


Slare X In Memory 
STX 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
OF 
3 
7 


Add 
Memory 
10 A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add Memory 
and 


Carry 
10 A 
ADC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
09 
3 
6 


Sublract 
Memvry 
SUB 
AD 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 


Subtract 
Memory 
"om 


A 
wIth 
Borrow 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
02 
3 
6 


AND Memory 
10 A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
, 
4 
E4 
2 
5 
04 
3 
6 
O~ Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
DA 
3 
6 


E.c1u$IVe OR Memory 
w.lhA 
EOR 
A8 
2 
2 
B8 
2 
4 
OB 
3 
5 
FB 
1 
4 
E8 
2 
5 
08 
3 
6 


ArlthmellC 
Compare 
A 


with 
Memory 
CMP 
AI 
2 
, 
BI 
2 
4 
Cl 
3 
5 
Fl 
1 
4 
El 
2 
5 
01 
3 
6 


Arithmetic 
Compare X 


with 
Memory 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
03 
3 
6 


BII 
Tesl 
Memory 
with 


A ILoglcal 
Compare) 
BIT 
A5 
2 
2 
85 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
05 
3 
6 


Jump UnconditIonal 
JMP 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 
10 Subroullne 
JSR 
BD 
2 
7 
CD 
3 
8 
Fa 
1 
7 
ED 
2 
8 
DO 
3 
9 


AddreSSing 
Modes 


Indexed 
Indelled 


Inherent 
(AI 
Inherent 
(X) 
Direct 
(No 
Offset) 
(8 Bit Offset) 


00 
• 
• 
00 
• 
• 
00 
• 
• 
00 
• 
• 
0. 
• 
• 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Incremenl 
INC 
4C 
, 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
OEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
, 
6 
6A 
2 
7 


Clear 
CLA 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


(2"5 Complement) 
NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 


Rotate 
Left 
Thru 
Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
, 
6 
69 
2 
7 


Rotate 
RIght 
Thru 
Carry 
AOA 
46 
, 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


LogIcal 
ShIft 
Lefl 
LSL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Logical 
ShIft 
RighI 
lSA 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


ArithmetiC 
ShIh 
Righi 
ASA 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Tesl 
for 
Negalt\le 


or Zero 
TST 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 


Relative 
Addressing 
Mode 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytes 
Cycles 


Branch 
Always 
BAA 
20 
2 
4 


Branch 
Never 
BAN 
21 
2 
4 


Branch 
IFF Higher 
BHI 
22 
2 
4 


Branch 
IFF Lower 
or Same 
BlS 
23 
2 
4 


Branch 
IFF Carry 
Clear 
BCC 
24 
2 
4 


(Branch 
IFF Higher 
or Samel 
IBHS) 
24 
2 
4 


Branch 
IFF Carry 
Set 
BCS 
25 
2 
4 


(Branch 
IFF Lowerl 
IBlO) 
25 
2 
4 


Branch 
IFF Not 
Equal 
BNE 
26 
2 
4 


Branch 
IFF Equal 
BEa 
27 
2 
4 


Branch 
IFF Half 
Carry 
Clear 
BHCC 
28 
2 
4 


Branch 
IFF Half 
Carry 
Set 
BHCS 
29 
2 
4 


Branch 
IFF Plus 
BPl 
2A 
2 
4 


Branch 
IFF Minus 
BMI 
2B 
2 
4 


Branch 
IFF Interrupt 
Mask 
Bit is Clear 
BMC 
2C 
2 
4 


Branch 
IFF Interrupt 
Mask 
Bit is Set 
BMS 
20 
2 
4 


Branch 
IFF Interrupt 
Line 
is Low 
Bil 
2E 
2 
4 


Branch 
IFF Interrupt 
Line 
is High 
BIH 
2F 
2 
4 


Branch 
to Subroutine 
BSA 
AO 
2 
B 
• 


Addressing 
Modes 


Bit Set/Clear 
Bit Test 
and 
Branch 


Function 
Mnemonic 
Op 
, 
, 
Op 
, 
, 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch 
IFF Bit n is set 
BASET 
n {n = a 
71 
- 
- 
- 
2. 
n 
3 
10 


Branch 
IFF Bit n is dear 
BACLA 
n (n 
- a 
71 
- 
- 
- 
01 + 2. 
n 
3 
10 


Set 
Bit n 
BSET 
n (n 
= 
0 .. 7) 
10 + 2. 
n 
2 
7 
- 
- 
- 


Clear 
Bit n 
BCLA 
n (n = 0 .... 7\ 
11 + 2. 
n 
2 
7 
- 
- 
- 


Inherent 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytes 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
2 


Transfer 
X to A 
TXA 
9F 
1 
2 


Set 
Carry 
Bit 
SEC 
99 
1 
2 


Clear 
Carry 
Bit 
ClC 
98 
1 
2 


Set 
Interrupt 
Mask 
Bit 
SEI 
9B 
1 
2 


Clear 
Interrupt 
Mask 
Bit 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return 
from 
Subroutine 
ATS 
B1 
1 
6 


Aeturn 
from 
Interrupt 
ATI 
80 
1 
9 


Reset 
Stack 
Pointer 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
1 
2 


II 


Add •.•• 
ng Modeo 
Condition 
Codes 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Set/ 
Teet & 


Mnemonic 
Inherent 
Immediete 
Direct 
Extended 
Reletive 
INo 
Ofbet) 
IB Bits) 
116 Bits) 
Cleer 
Brench 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
A · 
A 
A 
A 


ADD 
X 
X 
X 
X 
X 
X 
A · 
A 
A 
A 


AND 
X 
X 
X 
X 
X 
X 
·· 
A 
A · 
ASl 
X 
X 
X 
X 
·· 
A 
A 
A 


ASR 
X 
X 
X 
X 
·· 
A 
A 
A 


BCC 
X 
····· 
BClR 
X 
····· 
BCS 
X 
····· 
BEG 
X 
····· 
BHCC 
X 
····· 
BHCS 
X 
····· 
BHI 
X 
····· 
BHS 
X 
····· 
BIH 
X 
····· 
Bil 
X 
····· 
BIT 
X 
X 
X 
X 
X 
X 
·· 
A 
A · 
BlO 
X 
····· 
BlS 
X 
····· 
BMC 
X 
····· 
BMI 
X 
····· 
BMS 
X 
····· 
BNE 
X 
····· 
BPl 
X 
····· 
BRA 
X 
····· 
BRN 
X 
····· 
BRClR 
X ···· 
A 


BRSET 
X ···· 
A 


BSET 
X 
····· 
BSR 
X 
····· 
ClC 
X 
···· 
0 


CLI 
X 
· 
0 ··· 
ClR 
X 
X 
X 
X 
·· 
0 
1 · 
CMP 
X 
X 
X 
X 
X 
X 
·· 
A 
A 
A 


COM 
X 
X 
X 
X 
·· 
A 
A 
1 


CPX 
X 
X 
X 
X 
X 
X 
·· 
A 
A 
A 


Condition 
Code 
Symbols 
H 
Half Carry (From Bit 31 


I 
Interrupt 
Mask 
N 
Negative (Sign Bit) 


Z 
Zero 


C 
Carry/Borrow 
A 
Test and Set if True. Cleared Otherwise 
Not Affected 


7 
load 
CC Register From Stack 


1 
Set 
o 
Clear 


Addressing 
Modes 
Condition 
Codes 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Setl 
Test & 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
INo Offset) 
(B Bitsl 
116 Bits) 
Cleer 
Branch 
H 
I 
N 
Z 
C 


DEC 
X 
X 
X 
X 
·· 
A 
A · 
EDA 
X 
X 
X 
X 
X 
X 
·· 
A 
A · 
INC 
X 
X 
X 
X 
·· 
A 
A · 
JMP 
X 
X 
X 
X 
X 
····· 
JSA 
X 
X 
X 
X 
X 
····· 
LDA 
X 
X 
X 
X 
X 
X 
·· 
A 
A · 
LDX 
X 
X 
X 
X 
X 
X 
·· 
A 
A · 
LSL 
X 
X 
X 
X 
·· 
A 
A 
A 


LSA 
X 
X 
X 
X 
·· 
0 
A 
A 


NEQ 
X 
X 
X 
X 
·· 
A 
A 
A 


NDP 
X 
····· 
DAA 
X 
X 
X 
X 
X 
X 
·· 
A 
A · 
AOL 
X 
X 
X 
X 
·· 
A 
A 
A 


ASP 
X 
····· 
ATI 
X 
? 
? 
? 
1 
1 


ATS 
X 
·· ·· · 
SBC 
X 
X 
X 
X 
X 
X 
·· 
A 
A 
A 


SEC 
X 
···· 


1 


SEI 
X 
· 
1 ··· 
STA 
X 
X 
X 
X 
X 
·· 
A 
A · 
STX 
X 
X 
X 
X 
X 
·· 
A 
A · 
SUB 
X 
X 
X 
X 
X 
X 
· · 
A 
A 
A 


SWI 
X 
· 
1 · ·· 
TAX 
X 
· ···· 
TST 
X 
X 
X 
X 
·· 


A 
A · 
TXA 
X 
····· 


Condition 
Code Symbols 
H 
Half Carry (From 
Bit 31 
I 
Interrupt 
Mask 
N 
Negative 
(Sign 
Bltl 
Z 
Zero 
C 
Carryl Borrow 


A 
Test and Set If True, Cleared Otherwise 
Not Affected 
Load CC Register From Stack 


1 
Set 
o 
Clear 


• 


• 


Bit Mini 
ulation 
Br.nch 
Rood-Modifv·Write 
Control 
Register/Memory 


IH 
01 
, 
~ 
~ 
cri., 
oo~o 
OO~l 


,,"00 
01~' 
o~o 
01'" 
8 
9 
A 
10~' 
1ft.:. 
,Pol 
l1~O 
,[" 
H~ 


"XX> 
'001 
1010 
'0 
· 
• 
NEG 
• 
NEG 
:: 
SU~" 
:: 
SUB", 
~ 
~ 
BRSEJP. 
BSE1~c 
BRAR~' 
NEG 
NEG 
NEG 
RTI,"" 
SU~uu 
SUB 


nlR 
SUB", 
SUB" 
IR 
I 
IN" 
, 
IN" 
IXI 
I 
IX 
I 
, 


10 
1 
· 


6 
, 
· 


5 
6 
5 
· 
~, 
BRCL~,o. 
BCL~~c 
BRNR~I 
RTS 
CMP 
CMP 
CMP 
CMP1x, I, CMP 
CMP 
1 
, 
IN" 
IholM 
DIR 11. 
EXT 
IX' 
I 
IX 
(XX)1 


I~. 
· 
, 
· 
I' 
SBC 
' 
SBC 
• 
2 
BRSEJT'R 
BSE1hc 
BHIRFI 
SBC 
SBCDIR 
SBC,x, 
SBC 
.,f,o 
00'0 
IMM 
I, 
XT 
2 
lX1 , 
IX 


'2. 
1 
· 


6 
· 
· 


1 
6 
11 
, 
· 
I' 
CPX 
' 
CPX 
~, 
BRCL~T'8 
1 , BCL~~c 
BLSR~' 
COM 
1 COM~H 
COMX 
caM 
COM 
SWI 


1NH 
CPX 
CPX 
CPX 
1X 
? 
CPX 
Jll 
IR 
I 
IN" 
IXI , 
IX 
I 
, 
IMM , 
DIR 
3 
EXT 
, 
IXl 
, 
IX 
, 
1 
· 


6 
· 
· 


1 
6 
I' 
AND 
' 
AND · 
4 
BRSEJl. 
I , BSE~~c 
BCCRFI 
LS~TR 
LSRA 
LSRX 
LSR 
LSR 
AN?""M 
ANO 
ANDIX, 
AND 
IX 
,:'00 
0100 
I 
IN" 
I 
IN" 
IXI 
I 
IX 
, 
DIR 
I , 
XT 
, 
" 
I 


1'2 
· 
, 
· 
I' 
: 
BIT 
'" 
• 


11~' 


BRCL~l. 
I, BCL~~c 
BCSREl 
BI~MM 
BIT DIll; I, 
BIT"T 
BIT 
IV') 
BIT" 
m~, 
I 
1 
· 


6 
· 
· 


1 
6 
, 
· 
I' 
LOA 
6 
5 
• 
~n 


BRSEJ,J. 
I , BSE~~c 
BNERI'I 
ROR 


nlR 
1 AOR~~ 
1 ROR~NH 
ROR 
ROR 
LOA 
LOA 
LOA 
, 
LOA 
LOA 
l~O 
IXI 
I 
I 
IMM , 
DIR 
I 
1. 
EXT 
IX 


" 
1 
IX 
, 
1 
• 
6 
· 
· 


1 
6 
, 
I' 
STA 
: 
STA,x, 
7 
BRCL~,J8 I, BCL~~c 
BEORFI 
ASRDIR 
ASRA 
ASRX 
ASR 
ASR 
TAX 
STADIR 
STA 
STA 
7 
III 
I 
IN" 
I 
IN" 
IXI 
, 
" 


I 
IN" 
I, 
XT 
IX 
, 
IX 
"' 


I 'BRSEJ;\. 
· 


6 
· 
· 


6 
, 
· 
I' 
EOR 
" 
EOR 
• 
,~ 
I , BSE~~c 
BHC~FI 
L5L 
niA 
LSLA 
LSLX 
LSLIlIl 
lSL 
IY 
CLC "" 
EO~UM 
EOR 
EOR 
EOR 
,~ 
I 
IN" 
I 
IN" 
1 
IR I , 
XT 
IX 
' ') 
IXl 
I 
IX 
10 
1 
· 


6 
· 
· 


1 
6 
, 
, 
· 


I' 
ADC 
I' 
ADC 
• 
9 
BRCL~T4 
, , BCL~~c 
BHC~FI 
AOl 
nlR 


ROLA 
1 ROl~NH 
ROL 
ROL 
SEC 
ADC 
ADC 
AOC 
ADC 
9 


100' 
I 
IN" 
IXI 
1 
IX 
1 
IN" , 
IMM , 
DIR 
3 
EXT 
3 
IX' 
2 
IXI 
I 
IX 
1001 


'BRSEJi 
1 
· 


6 
· 
· 


1 
6 
2 
, 
ORA 
' 
ORA 


l~n 
BSE~t 
BPLREl 
DECDIR 
DECA 
OECX 
OEC 
DEC 
CLI 
ORA 
ORA 
ORA 
ORA 
A 
, 
IN" 
I 
IN" , 
IXI 
1 
IX 
1 
IN" 
2 
IMM 
2 
DIR 
3 
EXT 
3 
IX2 , 
IX' , 
IX 
1010 
'0 
1 
· 
· 


, 
ADD 
' 
ADD 
B 
BRCL~i 
BCL~~c 
BMIR!'I 
SEI 
ADD 
ADD 
ADD 
ADD 
B 
III 
I 
IN" 
IMM 
IR 13 
EXT 
IX 
') 
IX1 , 
IX 
1011 


'BRSEJf 
· 


6 
· 
· 


1 
6 
2 
3 
. 
• 
JMP 
lfm 
BSE1~c 
BM~FI 
INeOIR 
INCA 
INCX 
INC 
INC 
RSP 
JMP 
JMP 
JMP 
JMP 
C 
, 
IN" 
I 
IN" 
'XI 
1 
IX 
, 
, " 
IR 
3 
EXT 
3 
IX2 
2 
IX' , 
IX 
1100 
, 
· 
· 
· 
I' 
TST 
, 
I' 
JSR 
• 
JSR 
0 
BRCL~,6. 
BCL~~c 
BMS." 
TSTn'A 
TSlA 
TSTX 
TST 
NOP 
BSRRfL 


JSR 
JSR 
JSR 


1~1 
111 
I 
IN" 
I 
IN" 
'XI 
1 
IX 
I 
'N" , 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IXI 
I 
IX 


'0 
1 
· 
I' 
LOX 
' 
LOX 
1\~O 
BRSEJ18 
BSE~~c 
BIL 
RF1 
LOX 
LOX 
LOX 
LOX 
E 


2 
'MM , 
DIR 
3 
EXT 
IX 
') 
IXI 
, 
IX 
1110 
, 
· 


6 
· 
· 


6 


• 
STX 
• 
STX 
' 
STX 
F 
BRCLR7 
BCLR7 
BIH 
CLR 
CLRA 
CLRX 
CLR 
CLR 
TXA 
STX 
STX 
F 
1111 
3 
8T8 
2 
BSC 
2 
REl 
2 
D'R 
I 
'N" 
I 
IN" , 
'XI 
, 
'X 
I 
IN" 
2 
DIR 
3 
EXT 
3 
IX2 
2 
IX' 
, 
IX 
1111 


Inherent 


Immediate 


Direct 
Extended 
Relative 
Bit Set! Clear 
Bit Test and Branch 
Indexed 
I No Offsetl 
Indexed. 
, Byte IB-Bill 
Offset 
Indexed. 
2 Byte 116-Bitl Offset 


# of Cycles 


Mnemonic 


Bytes 


® MOTOROLA 


The MC68705P5 Microcomputer 
Unit (MCU) is an EPROM member 
of the M6805 Family of low-cost single-chip microcomputers. 
The user 
programmable 
EPROM allows 
program 
changes 
and lower 
volume 
applications 
in comparison to the factory mask programmable versions. 


The EPROM versions also reduce the development 
costs and turn- 


around time for prototype 
evaluation of the mask ROM versions, This 
8-bit 
microcomputer 
contains 
a 
CPU, 
on-chip 
CLOCK, 
EPROM, 


bootstrap 
ROM, RAM, I/O, and a TIMER. 
Because of 
these 
features, 
the 
MC68705P5 
offers 
the 
user an 
economical means of designing an M6805 Family MCU into his system, 
either as a prototype evaluation, as a low-volume production run, or a 
pilot production 
run. 


HARDWARE 
FEATURES 


• 
8-Bit Architecture 


• 
112 bytes of RAM 


• 
Memory Mapped I/O 


• 
1804 Bytes of User EPROM 


• 
Internal 8-Bit Timer with 7-Bit Prescaler 


• 
Programmable 
Prescaler 


• 
Programmable 
Timer Input Modes 


• 
External Timer Interrupt 


• 
Vectored Interrupts 
- 
External, Timer, and Softw¥re 


• 
Zero-Cross Detection 
on iNT Input 


• 
20 TTL/CMOS 
Compatible 
Bidirectional 
I/O 
Lines 18 Lines are 
LED Compatible) 


• 
On-Chip Clock Generator 


• 
Master and Power-On Reset 


• 
Complete Development 
System Support on EXORciser 


• 
Emulates the MC6805P2 and MC6805P4 IExcept for VSB) 


• 
Bootstrap 
Program in ROM Simplifies 
EPROM Programming 


• 
EPROM Security Features (Hardware and Softwarel 


SOFTWARE 
FEATURES 


• 
Similar to M6800 Family 


• 
Byte Efficient 
Instruction 
Set 


• 
Easy to Program 


• 
True Bit Manipulation 


• 
Bit Test and Branch Instructions 


• 
Versatile Interrupt 
Handling 


• 
Versatile Index Register 


• 
Powerful Indexed Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory Usable as Registers/Flags 


• 
Single Instruction 
Memory Examine/Change 


• 
10 Powerful Addressing 
Modes 


• 
All Addressing 
Modes Apply to EPROM, RAM, and I/O 


(HIGH-DENSITY, 
N-CHANNEL 


DEPLETION 
LOAD, 


5 V EPROM 
PROCESSI 


8-BIT EPROM 
MICROCOMPUTER 


L SUFFIX 


CERAMIC PACKAGE 


CASE 719 


S SUFFIX 


CERDIP PACKAGE 
ALSO AVAILABLE 


PIN ASSIGNMENT 


VSS 
RESET 


INT 
PA7 


VCC 
PA6 


EXTAL 
25 
PA5 


XTAL 
24 
PM 


Vpp 
23 
PA3 


TIMER 
22 
PA2 


PCO 
21 
PAl 


PCl 
20 
PAO 


19 
PB7 


18 
PB6 


PBO 
17 
PB5 


PB1 
P84 


PB3 


Package Type 
Generic 
Number 


Ceramic 


L SuffiX 
MC68705P5L 


Cerdlp 


S Suffix 
MC68705P5S 


• 


Accumulator 
PBO 
PBl 
B 
A 
P82 
POri 


CPU 
Data 
Port 
B 
P83 
Index 
Control 
DIr 
B 
PB4 
1/0 
Register 
Reg 
Reg 
PB5 
Lines 
PAO 
8 
X 
PB6 
PAl 
Condition 
PB7 
Port 
PA2 
Port 
Data 
Code 


A 
PA3 
A 
DIr 
5 
RegIster 
CC 
1/0 
PM 
Reg 
Reg 
CPU 
• 


Lines 
PA5 
Stack 
PA6 
POinter 
PA7 
5 
SP 
PCO 
Port 


Program 
Data 
Port 
PCI 
C 
Counter 
DIr 
C 
PC2 
1/0 
1804X 8 
High 
PCH 
Reg 
Reg 
PC3 
Lines 
AlU 
EPROM 
Program 


115X8 
Counter 
8 
low 
PCl 
Bootstrap ROM 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Value 
Unit 
Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
EPROMProgramming Voltage IVpp Pinl 
Vpp 
-0.3 
to + 22.0 
V 
TIMERPin 
Normal Mode 
Vln 
-0.3 
to + 7.0 
V 


Bootstrap Programming 
Mode 
Vin 
-03to+150 
V 
All Others 
Vin 
-03 
to + 7.0 
V 


Operating Temperature 
Range 
TA 
o to + 70 
·C 


Storage Temperature 
Range 
Tsto 
-55 to + 150 
·C 


Junction 
Temperature 
TJ 
+ 150 
·C 


ThIS device contains Circuitry to protect 
the In- 


puts against damage due to high static vOltages 
or electrlc ftelds. however. 
It IS advised that nor- 


mal precautions be taken to avoid application of 
any vOltage higher than maximum 
rated vOltages 


to thiS high-Impedance 
CirCUit, For proper opera- 


lion It IS recommended 
that Vm and VOU! be con- 


strained to the range VSS ~ (V1n or Vout):S VCC 
Reliability of operation 
IS enhanced 
If unused In- 


puts are tied to an appropriate 
logic voltage level 
leg. 
either VSS or VCCI 


Characteristic 


Thermal 
Resistance 


Ceramic Package 


The average chip-junction 
temperature. 
TJ. in ·C can be obtained 
from: 


TJ=TA+(PooOJAI 
(II 
Where: 


TA" 
Ambient 
Temperature. 
°c 
oJA" 
PaCkage Thermal Resistance. Junction-to-Ambient. 
°C/W 


Po E P,NT + PPORT 
P,NTlEICC x VCC. Wails 
- 
Chip Internal Power 


PPORT" 
Port Power Olssipatlon. 
Wails 
- 
User Oetermlned 


For most applications 
PPORT<CP,NT and can be neglected. 
PPORT may become significant 
If the device is configured 
to 


drive Oarlington 
bases or sink LEO loads. 


An approximate 
relationship 
between Po and TJ lif PPORT is neglected) 
is: 


Po = K + IT J + 273°CI 
(2) 


SolVing equations 
1 and 2 for K gives: 


K = PoolT A + 273°C) + OJAoP02 
(3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibrium) 
for a known TA. USing this value of K the values of Po and TJ can be obtained by solving equations (1) and (2) Iteratively for any 
value of TA. 


PROGRAMMING 
OPERATION ELECTRICAL CHARACTERISTICS 


1VCC=5.25 
Vdc 
±0.5. 
VSS~O 
Vdc. 
TA=20· 
to ~·C 
unless otherwise 
noted! 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
IVpp 
Pin! 
Vpp 
20.0 
21.0 
22.0 
V 


Vpp 
Supply 
Current 
Vpp~ 
5.25 V 
Ipp 
- 
- 
8 
mA 
Vpp~21.0V 
- 
- 
~ 


Programming 
Oscillator 
Frequency 
foscp 
09 
1.0 
1.1 
MHz 


Bootstrap 
Programming 
Mode 
Voltage 
(TIMER 
Pin) Iin == 100 JlA Max 
VIHTP 
9.0 
120 
15.0 
V 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OscIllator 
Frequency 
Normal 
lose 
0.4 
- 
4.2 
MHz 


Instruction 
Cycle Time 
14/foscl 
teye 
0.950 
10 
"s 


INT or Timer 
Pulse WIdth 
(See Interrupt 
Section) 
tWL.tWH 
tcyc + 250 
- 
ns 


RESET Pulse Width 
'RWL 
tcyc + 250 
ns 


RESET Delay Time 
IExternal 
Cap= 
1.0 "FI 
tRHL 
100 
- 
- 
ms 


INT Zero Crossing 
Detection 
Input 
Frequency 
flNT 
003 
- 
1.0 
kHz 


External 
Clock 
Duty 
Cycle IEXTAU 
ISee 
Figure 
12! 
- 
40 
50 
60 
% 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 


RESET 14.75SVCC55.751 
40 
- 
VCC 
IVCC<4751 
VCC-O 
5 
- 
VCC 
INT 
14.75sVCCs5.75! 
VIH 
40 
** 
VCC 
V 
IVCC<4751 
VCC-O 
5 
** 
VCC 
All 
Other 
20 
- 
VCC 


Input High Voltage 
(TIMER 
Plnl 


TImer Mode 
VIH 
20 
- 
VCC 
V 
Bootstrap 
ProgrammIng 
Mode 
90 
120 
150 


Input Low Voltage 


RESET 
-03 
- 
08 
INT 
VIL 
-03 
** 
1 5 
V 


All 
Other 
-03 
- 
08 


Internal 
Power 
DISSipation (No Port loading, 
VCC~525V. 
TA=O·CI 
PINT 
- 
450 
TBD 
mW 


Input Capacitance 


XTAL 
C,n 
- 
25 
- 
pF 


All Other 
- 
10 
- 


INT Zero-Crossing 
Voltage. 
Ihrough 
a Capacitor 
VINT 
20 
- 
40 
Vacp-p 


RESET HysteresIs 
Voltage 
(See Figure 
111 
Out of Reset Voltage 
VIRES + 
2 I 
- 
40 
V 
InlO Reset Voltage 
VIRES - 
08 
- 
20 


Programming 
Voltage 
IVpp 
Plnl 
Programming 
EPROM 
Vpp* 
20.0 
210 
220 
V 
Operating 
Mode 
40 
VCC 
575 


Input 
Current 


TIMER 
IV,n:Q 
4 VI 
- 
- 
20 


INT 
IV,"~04Vl 
- 
20 
50 


EX TAL IV,n~ 
2 4 V to VCC Crys,al 
Optlonl 
I,n 
- 
- 
10 
"A 


lVin = 04 
V Crystal 
Optlonl 
- 
- 
- 
1600 


RESET IV,n ~ Q 8 VI 
-40 
- 
-40 


(External 
Capacitor 
Changing 
Current) 


• 


• 


Characteristic 
I Symbol I 
Min 
I 
Typ 
I 
Max 
I 
Unit 


Port A 


Output 
Low Voltage. 
ILoad:::' 1 6 mA 
VOL 
- 
- 
04 
V 


Output 
H'gh Voltage, 
ILoad~ 
- 
100 "A 
VOH 
24 
- 
- 
V 


Output 
H'gh Voltage, 
ILoad= 
- 
10 "A 
VOH 
VCC-10 
- 
- 
V 


Input 
H,gh Voltage, 
ILoad= 
-300 
"A 
IMaxi 
VIH 
20 
- 
VCC+0.7 
V 


Input Low Voltage. 
ILoad- 
-500 
p.A (Max) 
VIL 
VSS 
- 
08 
V 


HI-Z State Input Current IVIn= 
20 
V to VCC) 
IIH 
- 
- 
-300 
"A 


HI-l 
State Input Current IVIn-O.4 
Vl 
IlL 
- 
- 
-500 
"A 


Port B 


Output 
Low Voltage, 
ILoad:::'3 2 mA 
VOL 
- 
- 
04 
V 


Output 
Low 
Voltage, 
ILoad- 
10 mA (S,nkl 
VOL 
- 
- 
1.0 
V 


Output 
H'gh Voltage, 
ILoad= 
-200 
"A 
VOH 
2.4 
- 
- 
V 


DarlIngton 
Current Drive (Source). 
Vo= 1.5 V 
IOH 
-10 
- 
-10 
mA 


Input High Voltage 
VIH 
20 
- 
VCC + 0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


HI-Z State Input Current 
ITS I 
- 
2 
20 
"A 


Port C 


Output 
Low Voltage, 
ILoad:::' 16 
mA 
VOL 
- 
- 
04 
V 


Output 
H,gh Voltage, 
ILoad = - 100 "A 
VOH 
24 
- 
- 
V 


Input High Voltage 
VIH 
20 
- 
VCC+07 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


HI-Z State Input Current 
ITS I 
- 
2 
20 
"A 


SIGNAL 
DESCRIPTION 


The input and output signals for the MCU are described in 
the following 
paragraphs. 


VCC and VSS - 
Power ISsupplied to the MCU us,ng two 


pins. VCC is power and VSS IS the ground connection. 


INT - 
ThiS pin allows an external event to asynchronously 


interrupt 
the processor. 
It can also be used as a polled Input 


using the BIL and BIH instructions. 
Refer to INTERRUPTS 


for additional 
information. 


VCC=575V 


15k!l 


XTAL and EXTAL 
- 
These pins prov,de connections 
to 
the on-chip clock OSCillatorClrCUtl. A crystal, a resistor, or an 
external signal, depending 
on the CLK bit (see MASK 
OP- 
TIONS), is connected to these pins to provide a system clock 
source with 
various 
stability/ cost 
tradeoffs. 
Lead lengths 


and stray capacitance 
on these two 
pins should 
be mini- 


mized 
Refer to INTERNAL CLOCK GENERATOR OPTIONS 


for recommendations 
about 
these 
inputs. 


TestPolnl~ I 
TIMER 
- 
Th,s 's used as an external Input to control 
the 


Internal t,mer/circuitry. 
This pin also detects a higher voltage 


level used to initiate the bootstrap program (see PROGRAM· 
MING FIRMWARE). 
Refer to TIMER for additional 
informa- 


tion 
about 
the 
timer 
circuitry. 


RESET - 
ThiS pin has a Schm,tt Tflgger Input and an on- 


chip pullup. 
The MCU can be reset by pulling 
RESET low. 


Refer to RESETS for additional 
information. 


Test 


POint 
VI 


VCC=575V 


297 
k!l 


Vpp 
- 
This pin is used when programming 
the EPROM. 


By applying the programming 
voltage to this pin, one of the 


requirements 
is met for programming 
the EPROM. In normal 


operation, 
this 
pin is connected 
to VCe- 
Refer to PRO- 


GRAMMING 
FIRMWARE 
and 
ELECTRICAL 
CHARACTERISTICS, 


INPUT/OUTPUT 
LINES (PAQ-PAl, 
PBO-PB7, PCO-PC7, 


PDQ-PD71 - 
These 20 lines are arranged into two 8-bit ports 
IA and BI and one 4-bit port ICI. All lines are programmable 
as either inputs 
or outputs, 
under software 
control 
of the 
Data Direction 
Registers !DDRs!. 
Refer to INPUT/OUTPUT 


for 
additional 
information, 
being 
sure 
to 
observe 
the 
Caution. 


MEMORY 
As shown in Figure 4, the MCU is capable of addressing 
2048 bytes of memory 
and I/O 
registers with 
its program 


counter. 
The MC68705P5 MCU has implemented 2041 bytes 


of 
these 
locations. 
This consists 
of: 
1804 bytes 
of 
user 
EPROM, 
115 bytes of bootstrap 
ROM, 
112 bytes of user 
RAM, an EPROM Mask Option 
Register IMORI, a Program 
Control 
Register (PCRI, and eight 
bytes of I/O. 
The user 
EPROM is located in two areas. The main EPROM area is 
memory locations $080 to $783. The second area is reserved 
for eight interrupti 
reset vector 
bytes at memory 
locations 


$7F8 to $7FF. The MCU uses nine of the lowest 16 memory 
locations for program control and I/O features such as ports, 
the port DDRs, and the timer. The Mask Option Register at 
memory location $784 completes 
the total. The 112 bytes of 
user RAM include up to 31 bytes for the stack. 


7 
0 
7 
6 
5 
4 
3 
2 
0 
000 
SOOO 
0 
Port A 
SOOO 
110 Ports Timer 
• 


Page Zero 
and 
Port 8 
SOO1 
Access with 
RAM 


Short 
127 
11288ytes) 
S07F 
1 1 
Port 
C 
S002 


Instructions 
128 
Page Zero 
S080 
Not Used 
S003 


User EPROM 
Port A DDR* 
SOO4 


255 
11288ytesl 


256 ----- 
Port B DDR* 
S005 


1 1 
PortCDDR SOO6 


MaIn User 
Not Used 
S007 


EPROM 
8 
Tlm€r Data Reg 
SOO8 
11668Bytesl 
Timer Control Reg 
SOO9 


10 
Not Used 
SOOA 
/ 
1923 ---- 
S783 
11 
SOOB 
Program Control Reg 


1924 
Mask Option 
Reg 
S784 
1925 
Bootstrap 
S785 
Not Used 
SOOC·OOF 


ROM 
SOlO 


2039 
(115 Bytes) 
S7F7 
r 


TImer 
Interrupt 
57F8 
2041 ---- 
S7F9 
2042 
EXlernallnterrupt 
S7FA 
Interrupt 
2043 ---- 
S7FB 
S07F 
Vectors 
2044 
SWI 
S7FC 
2045 ---- 
S7FD 
2046 
RESET 
S7FE 
2047 
S7FF 


Caution 
Data DirectIon 
Registers (DORsI 
are write-only, 
they read as SFF 


The stack area IS used dUring the processing of Interrupt 


and subroutine 
calls to save the processor state. The register 
contents 
are pushed onto the stack In the order shown In 


Figure 
5. 
Because 
the 
stack 
pointer 
decrements 
during 
pushes, the low order byte IPCL) of the program counter is 
stacked first; then the high order three bits IPCHI are stack- 
ed. This ensures that the program counter is loaded correct- 
ly during 
pulls from 
the stack since the stack pOinter in- 
crements 
dUring pulls. A s••broutine 
call results in only the 
program 
counter 
(PCl, 
PCHI contents 
being pushed onto 


the stack; the remaining 
CPU registers are not pushed. 


FIGURE5 - 
INTERRUPTSTACKING ORDER 


6 
0 
P~ 


PUSh 


• For subroutine calls, only PCH and pel are stacked. 


• 


CENTRAL PROCESSING UNIT 


The 
CPU 
of 
the 
M6805 
Family 
IS Implemented 
in- 


dependently from the I/O or memory configuration. 
Conse- 


quently, It can be treated as an Independent central pro- 
cessor communicating 
with 
I/O and memory via Internal 
address, data, and control buses. 


REGISTERS 


The M6805 Family CPU has five registers available to the 


programmer. They are shown in Figure 6 and are explained in 
the following paragraphs. 


FIGURE6 - 
PROGRAMMINGMODEL 


7 
0 


I 
A 
I 
Accumulator 


7 
0 


I 
X 
I Index 
Register 


10 
8 7 
0 


I 
PCH 
I 
PCl 
I Program 
Counter 


10 
5 
4 
0 


10 I 0 I 0 10 I 
I 
I 
SP 
I 
Stack 
POinter 


Carry/Borrow 


Zero 


Negative 


Interrupt 
Mask 


Half Carry 


ACCUMULATOR (AI - 
The accumulator ISa general pur- 


pose 8-bit register used to hold operands and results of the 
arithmetic calculations or data manipulations. 


INDEX REGISTER (X) 
- 
The index register is an 8-bit 


register used for the indexed addressing mode. It contains an 
8-bit value that may be added to an instruction 
value to 
create an effective address. The Index register can also be 
used for data 
manipulations 
uSing read-maddy-write 
Instruc- 
tions. The index register may also be used as a temporary 
storage area. 


PROGRAM COUNTER (PC) - 
The program counter ISan 


ll-bit 
register that contains the address of the next instruc- 


tion to be executed. 


STACK POINTER (SP) - 
The stack pOinter is an II-bit 


register that contains the address of the next free location on 
the stack. During an MCU reset or the Reset Stack POinter 
(RSPI instruction, 
the stack pointer is set to location $07F. 


The stack pointer is then decremented as data is I'ushed on- 
to the stack and incremented as data is then pulled from the 
stack. The six most significant bits of the stack pointer are 
permanently set toסס OO11.Subroutines and interrupts may 
be nested down to location $061 131bytes maximumJ, which 
allows the programmer to use up to 15 levels of subroutine 
calls (less if interrupts are allowedJ. 


CONDITION CODE REGISTER (CC) - 
The condition 
code register ISa 5-blt register in which four bits are used to 
indicate the results of the instruction Just execuIed. These 
bits can be individually tested by a program and speCifiCac- 
tion taken as a result of their state. Each of the five bits ISex- 
plained below. 


Half Carry (H) - 
Set dUring ADD and ADC operations to 
Indicate that a carry occurred between bits 3 and 4. 


Int~rrupt (I) - 
When thiS bit ISset the timer and external 


interruptllNTJ 
are masked (disabledJ. If an interrupt occurs 
while thiS bit is set. the interrupt ISlatched and is processed 
as soon as the Interrupt bit IScleared. 


Negative (N) - 
When set. this bit Indicates that the result 
of the last arithmetiC, logical, or data manipulation 
was 


negative (bit 7 in the result is a logical "1"1. 


lero (l) - 
When set. thiS bit indicates that the result of 
the last arithmetic, logical, or data manipulation was zero. 


Carry/Borrow 
(C) - 
When set. thiS bit indicates that a 
carry or borrow out of the arithmetiC logic Unit (ALU) occur- 
red during the last arithmetiC operation. This bit ISalso af- 
fected during bit test and branch instructions plus shifts and 


rotates. 


TIMER 
The MC68705P5 MCU timer consists of an 8-bit software- 


programmable counter which is driven by a 7-bit software- 


programmable 
prescaler. 
Various 
timer clock 
sources 
may be 


selected ahead of the prescaler and counter 
The timer selec- 


tions are made via the Timer Control Register ITCRI and/or 
the Mask Option Register (MORI. The TCR also contains the 
interrupt control bits. The sections elsewhere entitled TIMER 
CONTROL REGISTER and MASK OPTIONS include addi- 
tional details on controlling this timer. 


The MCU timer circuitry is shown in Figure 7. The 8-bit 
counter 
may be loaded under 
program 
control 
and 
is 
decremented toward zero by the fCIN counter input (output 
of the prescaler option selection). Once the8-blt counter has 
decremented to zero, it sets the TIR ITimer Interrupt Re- 
questl bit7 Ib7 of TCR). The TIM IT,mer Interrupt MaskJ bit 
1b6) can be software set to inhibit the Interrupt request, or 
software cleared to pass the Interrupt request to the pro- 
cessor. When the I-bit in the Condition Code Register IS 
cleared, the processor receives the Timer Interrupt. 
The 
MCU responds to thiS Interrupt by saving the present CPU 
state on the stack, fetching the timer interrupt vector from 
locations $7F8and $7F9and executing the Interrupt routine 
The processor ISsensitive to the level of the timer Interrupt 
request line; therefore if the interrupt is masked, the TIR bit 
may be cleared by software (e.g., BCLRJwithout generating 
an interrupt. When serviCing a timer Interrupt. the TIR bit 
MUST be cleared by the timer Interrupt service routine soft- 


ware 
In order 
to clear 
the 
timer 
interrupt 
request. 
The counter continues to count (decrement) after falling 
through to $FF from zero. Thus, the counter can be read at 
any time by the processor without disturbing the count. ThiS 
allows a program to determine the length of time since the 


occurrence 
of 
a 
timer 
Interrupt 
and does not 
disturb the 
counting 
process. 


Internal 


4>2 
Clock 


IlosC+41 


Timer Control Register BIts 
Mask Option Register Bits: 


TIR - Timer Interrupt 
Request Status 
CLK - Clock OSCillator Type 
TIM- 
Timer Interrupt Mask 
TOPT - TImer Mask/Programmable 
Option 


TlN- 
Timer Input Select 
CLS- 
Timer Clock Source 


TIE- 
Timer 
External 
Input 
Enable 
ITIEI-ITimer 
External 
Input 
Enablel 


PSC- 
Prescaler 
Clear 
SNM-SecurelNon-Secure 
Mode 
Option 


PS2, PSt, 
PSO- 
Prescaler 
Select 
P2, Pl, 
PO- Prescaler 
Option 


The TOPT bit in the mask.option register selects whether the timer is software programmable via the timer control register or emulates 
the mask programmable 
parts via the MOR PROM byte. 


The TIE bit in the mask option 
register is not used if MOR TOPT= 
1 IMC6805P2 
emulationl. 
It sets the intial value of TCR TIE if MOR 


TOPT=O. 
• 


• 


The clock input to the timer can be from an external 


source Idecrementing the counter occurs on a positive tran- 
sition of the external source) applied to the TIMER input pin, 
or it can be the internal 4>2signal. The maximum frequency 
of a signal that can be recognized by the TIMER pin logic is 
dependent on the parameter labeled tWL, 
tWH. 
The pin 


logic that recognizes the high state on the pin must also 
recognize the low state on the pin in order to "re-arm" 
the 
internal logic. Therefore, the period can be calculated as 
follows: (assumes 50/50 
duty cycle for a given period) 


1 


tcyc x 2 + 250 ns = period = 
freq 


The period is not simply tWL + tWH. This computation is 
allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily longer period (250 ns 
twice). 


When the 4>2signal is used as the source, it can be gated 


by an input applied to the TIMER pin allowing the user to 
easily perform pulse-width measurements. INote: When the 
MOR TOPT bit is set and the CLS bit is clear, an ungated 4>2 
clock input is obtained by tying the TIMER pin to VCC.l The 
source of the clock input is selected via the TCR or the MOR 
as described later. 


A prescaler oppon can be applied to the clock input that 
extends the timing interval up to a maximum of 128 counts 
before decrementing 
the counter. 
This prescaling option 
selects one of eight outputs on the 7-bit binary divider; one 
output bypasses prescaling. To avoid truncation errors, the 
prescaler IS cleared when bit b3 of the TCR IS written to a 
logic" 1", when in the software controlled mode ITOPT = 0, 
more on these modes in later paragraphs); however, TCR bit 
b3 reads as a logic "0" when TOPT= 0 and as a "1" when 
TOPT = 1 to ensure proper operation with read-modify-write 
instructions (bit set and clear for example). 


At Reset, the prescaler and counter are initialized to an all 


"1s" condition; the Timer Interrupt Request bit ITCR, b7Jis 
cleared and the Timer Interrupt Request mask ITCR, b6) is 
set. TCR bits bO, b1, b2, b4, and b5 are initialized by the cor- 
responding Mask Option Register (MOR) bits at Reset. They 
are then software selectable after Reset if TOPT= O. 


Note that the timer block diagram in Figure 7 reflects two 


separate timer control configurations: aJsoftware controlled 
mode via the Timer Control Register ITCR), and bJ MOR 
controlled mode to emulate a mask ROM version with the 
Mask Option Register. In the software controlled mode, all 
TCR bits are read/write, 
except bit b3 which is write-only 


lalways reads as a logic "0"1. In the MOR controlled mode, 
TCR bits b7 and b6 are read/write, 
the other six have no ef- 
fect on a write and read as logic "1s". 
The two configura- 


tions provide the user with the capability to freely select 
timer options as well as accurately emulate the MC6805P2 
and MC6805P4 mask ROM version. In the following 
para- 


graphs refer to Figure 9 as well as the TIMER CONTROL 
REGISTER and MASK OPTIONS sections. 


The TOPT (Timer Option) bit (b6) in the Mask Option 
Register is EPROM programmed to a logical "0" to select the 
software controlled mode, which is described first. TCR bits 
b5, b4, b3, b2, b1, and bOgive the program direct control of 
the prescaler and input selection options .. 


The Timer Prescaler input If PIN) can be configured for 
three 
different 
operating 
modes, 
plus a disable mode, 


depending upon the value written to TCR control bits b4 and 
b5 ITIE and TINI. 


When the TIE and TIN bits are programmed to "0", 
the 
timer input is from the internal clock (</>2)and TIMER input 


pin is disabled. The internal clock mode can be used for 
periodic interrupt generation as well as a reference for fre- 
quency and event measurement. 
When 
TIE= 1 and TIN = 0, the internal clock and the 


TIMER input pin signals are ANDed to form the timer input 
fplN. 
This mode can be used to measure external pulse 


widths. The external pulse simply gates in the internal clock 
for the duration of the pulse. The accuracy of the count in 
this mode is ± one count. 


When TIE=O and TIN= 1, no fplN input is applied to the 


prescaler and the timer is disabled. 


When TIE and TIN are both programmed to a "1", 
the 
timer is from the external clock. The external clock can be 
used to count external events as well as provide an external 
frequency for generating periodic interrupts. 


Bits bO, b1, and b2 in the TCR are program controlled to 
choose the appropriate 
prescaler output. 
The prescaling 


divides the fplN frequency by 1, 2, 4, etc. in binary multiples 
to 128 producing fCIN frequency to the counter. The pro- 
cessor 
cannot 
write 
into 
or 
read from 
the 
prescaler; 


however, the prescaler is set to all "1s" by writing b3 of TCR 
to a "1", 
which allows for truncation·free counting. 


The MOR controlled mode of the timer is selected when 


the TOPT lTimer Option) bit 1b6)in the MOR is programmed 
to a logical "1" to emulate the mask-programmable prescaler 
of the MC6805P2 and MC6805P4. The timer circuits are the 
same as described above; 
however, 
the Timer 
Control 


Register ITCR) is configured differently, as discussed below. 


The logical level for the functions of bits bO,b1, b2, and b5 


in the TCR are all determined at the time of EPROM pro- 
gramming. They are controlled by corresponding bits within 
the Mask Option Register IMOR, $7841.The value program- 
med into MOR bits bO, b1, b2, and b5 controls the prescaler 
division and the timer clock selection. Bit b4 ITIE) and b3 
IPSC) are set to a logical "1" in the MOR controlled mode. 
(When read by software, these six TCR bits always read as 
logical "1s".) 
As in the software programmable configura- 


tion, the TIM (b6) and TIR (b7) bits of the TCR are controlled 
by the counter and software 
as described above and in 
TIMER CONTROL REGISTER. The MOR controlled mode is 
designed to exactly emulate the MC6805P2 and MC6805P4 
which 
has only TIM and TIR in the TCR and have the 


prescaler options defined as manufacturing mask options. 


RESETS 


The MCU can be reset in two ways: by initial power-up 
and by the external reset input (RESET). Upon power-up, a 
delay of tRHL is needed before allowing the RESET input to 
go high. This time allows the internal clock generator to 
stabilize. Connecting a capacitor to the RESET input, as 
shown in Figure 8, typically provides sufficient delay. 


Part of 
MC68705P5 
MCU 


The internal circuit connected 
to the RESET pin consists 
of a Schmitt 
trigger which senses the RESET line logic level. 


The Schmitt 
trigger provides an internal reset voltage when 
it senses logical "0" 
on the RESET pin. During power-up, 


the Schmitt 
trigger switches 
on Iremoves reset) when 
the 
RESET pin voltage rises to VIRES +. When the RESET pin 
voltage 
falls to a logical "0" 
for a period longer than one 
tcyc, the Schmitt 
trigger sWitches off to provide an Internal 
reset voltage. 
The "switch 
off" 
voltage occurs at VIRES- 


A typical reset Schmitt 
trigger hysteresis curve is shown in 
Figure 9. See Figure 13 under INTERRUPTS 
for the com- 
plete reset sequence. 


INTERNAL 
CLOCK GENERATOR OPTIONS 


The Internal clock generator CIrcuit is deSigned to reculfe a 
minimum of external components. A crystal, a resistor, 
a 
Jumper Wife, or an external signal may be used to generate a 
system clock with various stability/ cost tradeoffs. 
The Mask 


Option Register (EPROM) is programmed 
to select crystal or 
resistor 
operation. 
The 
oscillator 
frequency 
is internally 
divided by four to produce the internal system clocks. 


The different connection 
methods are shown in Figure 10. 


5 XTAL 
CJ 
MC68705P5 
4 EXTAL 
MCU 


External 
Clock 


Input 


ApprOXimately 25% 
to 50% 
Accuracy 


Typical 
'eye ~ 1 25 ~s 


External Jumper 


R 
(See Fig. 121 


No 


Connection 


ApproXimately 
10% to 25% 
Accuracy 


(Excludes 
ReSIstor 
Tolerance) 


External 
Resistor 


NOTES. 
1 
When 
the TIMER 
input pin 
IS In the VIHTP 
range (In the bootstrap 
EPROM 
programming 
mode), 
the crystal optlon 
IS forced. When 
the 
TIMER 
Input 
IS at or below VCC. 
the clock generator 
option 
IS determined 
by bit 7 of the Mask Option Register (eLK). 


2. 
The recommended 
CL value with a 40 
MHz 
crystal IS 27 pF maXImum, 
including system distributed 
capacitance. 
There 
IS an Internal 
capaCitance of approximately 
25 pF on the XTAL pin. For crystal frequencies other than 4 MHz. the total capacItance 
o·neach pin should be 
scaled as the Inverse of the frequency ratio. For example. with a 2 MHz crystal. use approxImately 
50 pF on EXTAL and approximately 
25 pF 
on XTAL. 
The exact value depends on the Motional-Arm 
parameters 
of the crystal used 


• 


• 


Crystal specifications and suggested PC board layouts are 
given in Figure 11. A resistor selection graph is given in 
Figure 12. 


FIGURE11 - 
CRYSTALMOTIONAL-ARM 


PARAMETERSAND SUGGESTEDPCBOARDLAYOUT 
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The crystal oscillator start-up time is a funclion 
of many 
variables: crystal parameters (especially RSI. oscillator load 
capacitances. 
IC parameters. 
ambient 
temperature. 
and 
supply voltage. To ensure rapid oscillator start-up neither the 
crystal characteristics nor the load capacitances should ex- 
ceed recommendations. 


BOOTSTRAP ROM 


The bootstrap 
ROM contains a factory program which 


allows the MCU to fetch data from an external device and 
transfer it into the MC68705P5 EPROM. The bootstrap pro- 
gram provides: timing of programming pulses. timing of Vpp 
input. and verification after programming. 
See PROGRAM- 


MING FIRMWARE. 


MASK OPTION REGISTER (MOR) 


The Mask Option Register is an S-bit user programmed 


(EPROM) register. Bits in this register are used to select the 
type of system clock. the timer option. the timer/prescaler 
clock source. the prescaler option. and the secure mode. It is 
fully described in the MASK OPTIONS. 


INTERRUPTS 
The MC68705P5 MCU can be interrupted three different 


ways: through 
the external interrupt 
liNT) 
input pin. the 


internal 
timer 
Interrupt 
request, 
or the software 
interrupt 
In- 
struction (SWII. When any interrupt occurs: the current In- 
struction 
lincluding 
SWII 
is 
completed. 
processing 
IS 
suspended. the present CPU state is pushed onto the stack. 
the interrupt bit (II in the Condition Code Register is set. the 
address of the interrupt routine is obtained from the appro- 
priate interrupt vector address. and the Interrupt routine is 
executed. Stacking the CPU registers. setting the I-bit. and 
vector fetching requires a total of 11tcyc periods for comple- 
tion. A flowchart 
of the interrupt 
sequence is shown 
in 


Figure 13. The interrupt service routine must end with a 
return from interrupt IRTI) instruction which allows the CPU 
to resume processing of the program prior to the interrupt 
Iby 
unstacking 
the previous CPU state). 
Unlike RESET, 
hardware interrupts 
do not cause the current instruction 
execution to be halted, but are considered pending until the 


current 
instruction 
execution 
is complete. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked, 


proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 


If both an external interrupt and a timer interrupt are pend- 


ing at the end of an instruction execution, the external inter- 
rupt is serviced first. The SWI is executed as any other in- 


struction. 
The external interrupt is internally synchronized and then 


latched on the falling edge of INT. A sinusoidal input signal 


1-llin 
CCI 
07F-SP 
O-DDRs 
CLR INT Logic 


FF-Timer 


7F - 
Prescaler 


Load Options From 
MOR 1$7841 Into 
Control Logic 


Load PC 


From 


7FE17FF 


Load PC From 
SWI 
7FC/7FD 
iNi' 
7FA /7FB 


TIMER: 
7FB17F9 


Execute All 
Instruction 
Cycles 


• 


• 


IflNT maximum) can be used to generate an external inter- 
rupt, as shown in Figure 14Ia), for use as a Zero-Crossing 
Detector 
Ifor 
negative 
transitions 
of AC sinusoidl. 
This 
allows applications such as servicing time-of-day 
routines 


and engaging/ disengaging AC power control devices. Off- 
chip full-wave rectification provides an interrupt at every zero 
crossing of the AC signal and thereby provides a 2f clock. 


For digital applications, 
the INT pin can be driven by a 
digital signal. The maximum frequency of a signal that can 
be recognized by the TIMER or TIiIT pin logic is dependent on 
the 
parameter 
labeled 
tWL, 
tWH. 
The 
pin 
logic 
that 
recognizes the high lor low) state on the pin must also 
recognize the low lor highl state on the pin in order to "re- 
arm" 
the 
internal 
logic. 
Therefore, 
the 
period 
can 
be 
calculated as follows: lassumes 50/50 duty cycle for a given 
period) 


1 
tcyc x 2 + 250 ns = period = TreQ 


The period is not simply tWL + tWH. This computation 
is 


allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily long period 1250 ns 
twicel. See Figure 14Ib). For the INT function, the maximum 


allowable 
freque.!!9' 
is also determined 
by the software 
response of the INT service routine. 


A software interrupt 
ISWII 
is an executable instruction 
which is executed regardless of the state of the I-bit In the 
Condition Code Register. SWls are usually used as break- 
points for debugging or as system calls. 


INPUT/OUTPUT 


There are 20 input/output 
pins. The INT pin may be polled 
with branch instructions to provide an additional input pin. 
All pins on Ports A, B, and C are programmable as either in- 
puts or outputs under software control of the corresponding 
Data Direction Register IDDRI. The port I/O programming is 
accomplished by writing 
the corresponding 
bit in the port 
DDR to a logic "1" 
for output or a logic "0" 
for input. On 


Reset all the DDRs are Initialized to a logic "0" state, plaCing 
the ports in the input mode. The port output registers are not 
initialized on Reset but may be written to before setting the 
DDR bits to avoid undefined levels. When programmed as 
outputs, 
the latched output data 
IS readable as Input data 
regardless of the logic levels at the output pin due to output 
loading; see Figure 15. When Port B is programmed for out- 
puts, it is capable of sinking 10 mA and sourcing 1 mA on 
each pin. 


(Current 


Inapc 
ut 
~Limitingl 
2 


(lINT Maxi 
R 
0.1 - 1 0 


~F 
Rs' 
MO 


ac Input'" 10Vp_p 
_ 


TTL 


Level 
Digital 


Input 


Data 
Direction 
Register 


Bit* 


Latched 
Output 
Data 
Bit 


Data 
Olfection 
Output 
Input 


Register 
Data 
Output 
To 


Bit 
Bit 
State 
MCU 


1 
0 
0 
0 


1 
1 
1 
1 
0 
X 
High-Z· • 
Pin 


-OOR 
is write-only 
register and reads as all "'5" 


*. Ports Band 
C are three-state 
ports. Port A has internal pullup 
devices to provide CMOS 
drive capability. 
See Electrical 
Characteristics tables for complete 
information. 


All input/output 
lines are TTL compatible 
as both inputs 
and outputs. 
Port A lines are CMOS compatible 
as outputs 
while port Band C lines are CMOS compatible as inputs. The 
memory map in Figure 4 gives the address of data registers 
and DDRs. The Register configuration 
is provided in Figure 
16. Figure 17 provides some examples of port connections. 


Caution 


The corresponding 
DDRs for ports A, B, and Care 
write-only 
registers Iregisters at $004, $005, and $0061. 
A read operation on these registers is undefined. 
Since 


BSET and BCLR are read-modify-write 
functions 
they 


cannot 
be used to set or clear a single DDR bit lall 
"unaffected" 
bits would 
be sell. 
It is recommended 
that all DDR bits in a port must be written 
using a 
single-store 
instruction. 


The latched output data bit Isee Figure 15) may always be 
written. 
Therefore, 
any write to a port writes all of its data 
bits even though 
the port DDR is set to input. This may be 
used to initialize the data registers and avoid undefined 
out- 


puts; 
however, 
care 
must 
be 
exercised 
when 
using 


read-modify-write 
instructions 
since 
the 
data 
read 
cor- 


responds to the pin level if the DDR is an input 1"0"1 and cor- 
responds to the latched output data when the DDR IS an out- 
putl"I") 


Port A Addl = SOOO 
Port B Addl = SOOI 
Port C Addr = S002IBits 0-31 


(11 Write 
Only; reads as all 15 
(2) 
1= Output, 
0= 
Input 
Cleared to 0 by Reset 
131Port A Addl = SOO4 
Port B Addl = S005 
Port C Addr= SOO6 


SOO9 


See detail description in TIMER CONTROL REGISTER. 


'-- 
~ 
_ 
_'_--'-__'I 
SOOB 


Seedetail description in ON-CHIP PROGRAMMINGHARDWARE. 


• 


•• 
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MC74LS04 
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PA4 
0' 
16 
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PAO 


Tll 
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TIMER CONTROL REGISTER ITCR) 


The configuration 
of the TCR is determined 
by the logic 
level of bit 6 !Timer 
Option, 
TaPTI 
in the Mask Option 
Register (MaRl. 
Two configurations 
of the TCR are shown 
below, 
one 
for 
TOPT =, 
and 
the 
other 
for 
TOPT = O. 


TOPT =, 
configures 
the TCR to emulate the MC6805P2 or 
MC6805P4. When TPOT = 0, it provides software control of 
the TCR. When TOPT=', 
the prescaler "mask" 
options are 
user programmable 
via the MaR. A description 
of each TCR 
bit is provided 
below (also see Figure 7 and TIMERI. 


Timer Interrupt 
Request- 
Used to initiate the 
timer interrupt 
or signal a timer Data Register 
underflow 
when it is a logical "'" 


1= Set when the Timer Data Register changes 
to all zeros. 


0= Cleared by external reset, power-on 
reset, 


or under program control. 


Timer 
Interrupt 
Mask - Used 
to 
inhibit 
the 


timer 
interrupt, 
to the 
processor, 
when 
It is a 
logical "1" 


1= Set by an external reset, power-on reset. or 
under program control. 


0= Cleared under program control. 


External or Internal- 
Selects 
the Input clock 
source to be either the external TIMER pin (7) 
or the internal 4>2 


1= Selects 
the external 
clock 
source 
(event 


count mode) 
0= Selects 
the 
internal 
4>2 IfOSC+4) 
clock 
source 


External Enable- 
Used to enable the external 


TIMER pin (71or to enable the internal clock (if 
TIN = Ol regardless of the external 
timer 
pin 
state 
Idisables 
gated 
clock 
featurel. 
When 
TOPT=', 
TIE is always a logical "'''. 


, = Enables external timer pin. 
0= Disables external timer pin. 


TIN 
TIE 
CLOCK 
0 
0 
Internal Clock (4)21 
0 
1 
Gated IANDI of Externaland 
Internal Clocks 


1 
0 
No Clock 


1 
1 
External 
Clock 


Prescaler Clear- 
This is a write-only 
bit. It reads 
as a logical "0" 
Iwhen 
TOPT = Ol so the BSET 


and 
BClR 
on 
the 
TCR 
function 
correctly. 
Writing 
a "'" 
into PSC generates a pulse which 


clears the prescaler. (When TOPT =, 
this bit is 
always read as a logical"'" 
and has no effect on 
the prescaler.) 


b2, PS2 
bl, PS, 
bO, PSO 


Prescaler 
Select - These 
bits 
are decoded 
to 
select 
one 
of 
eight 
outputs 
on 
the 
timer 
prescaler. The table below shows the prescaler 
division resulting from decoding 
these bits. 


PS2 
PSt 
PSO 
Prescaler 
DIVISion 


0 
0 
0 
1 {Bypass 
Prescaterl 


0 
0 
1 
2 
0 
1 
0 
4 
0 
1 
1 
8 
1 
0 
0 
16 


1 
0 
1 
32 
1 
1 
0 
64 
1 
1 
1 
128 


Note 


When 
changing 
the PS2-PSO bits in software, 
the 
PSC bit should be written 
to a "'" 
In the same write 
cycle to clear the prescaler. Changing the PS bits with- 
out clearing 
the prescaler may cause an extraneous 
toggle of the Timer Data Register. 


• 


• 


MASK OPTIONS 


The MC68705P5 Mask Option Register is implemented in 
EPROM. Like all other EPROM bytes, the MOR contains all 
zeros prior to programming. 


When used to emulate the MC6805P2 or MC6805P4, five 
of the eight MOR bits are used in conjunction 
with 
the 
prescaler. Of the remaining, the b7 bit is used to select the 
type of oscillator clock, b3 is the secure/non-secure 
mode 


option, and b4 is not used. Bits bO,b1, and b2 determine the 
division of the Timer prescaler. Bit b5 determines the Timer 
clock source. The value of the TOPT bit 1b6! is programmed 
to configure the TCR la logic "1" 
for MC6805P2/P4 emula- 


tion!. 


If the MOR Timer Option (TOPTI bit is a 0, bits b5, b4, b2, 


b1, and bO set the initial value of their respective TCR bits 
during reset. After 
initialization 
the TCR is software con- 


trollable. 
A description of the MOR bits is as follows: 


Mask Option 


Register 
$784 


Clock Oscillator Type 
1= RC 
0= Crystal 


Note 


VIHl P on the TIMER pin 17! forces the crystal mode. 


b6, TOPT 
Timer Option 
1= MC6805P2/P4 type timer/prescaler. All bits, 


except 
6 
and 
7, 
of 
the 
Timer-Control 
Register ITCR! are invisible to the user. Bits 
5, 2, 1, and 0 of the Mask Option Register 
determine 
the 
equivalent 
MC6805P2/ P4 
mask options. 


0= All TCR bits are implemented as a Software 
Programmable Timer. The state of MOR bits 
5,4,2, 
1, and 0 sets the mltlal values of their 
respective TCR bits (TCR IS then software 
contolled after inrtlalizatlon!. 


Timer/Prescaler Clock Source 
1= External TIMER pin. 
0= Internal <1>2 


Not 
used if MOR TOPT = 1 1MC6805P2/ P4 
emulation). 
Sets initial value of TCR TIE if 


MOR TOPT=O. 


When this bit is set, i.e., programmed to a 
"1", 
it is not possible to access the EPROM 
contents 
of the MC68705P5 externally. 
For 
further 
information 
see 
PROGRAMMING 
FIRMWARE. 


b2, P2 
b1, P1 
bO,PO 


Prescaler Option - the 
logical 
levels of 
these 
bits, when decoded, select one of eight outputs 
on the timer prescaler. The table below shows 
the division resulting from decoding combina- 
tions of these three bits. 


P2 
PI 
PO 
Prescaler 
Division 
0 
0 
0 
1 (Bypass Prescalerl 


0 
0 
1 
2 
0 
1 
0 
4 


0 
1 
I 
8 
I 
0 
0 
16 


I 
0 
1 
32 


1 
1 
0 
84 


1 
I 
1 
128 


Example 1 
To emulate an MC6805P2 to 'verify your pro- 
gram with an RC oscillator, and an event count 
input for the timer with no prescaling, the MOR 
would be set to "11111000". Towrite 
the MOR, 


It is simply programmed as any other EPROM 
byte. 


Example 2 
Suppose you wish to use the MC68705P5 pro- 
grammable prescaler functions, and you wish 
the initial condition of the prescaler to be divid- 
ed by 64, with the input disabled and an internal 
clock source. If the clock oscillator was to be in 
the crystal mode, the MOR would 
be set to 
"סס OO1110". 


ON-CHIP PROGRAMMING 
HARDWARE 


The Programming Control Register IPCRI at location $OOB 
is an 8-bit register which utilizes the three LSBs Ithe five 
MSBs are set to logic "1s"l. 
ThiS register provides the 


necessary control bits to allow programming the MC68705P5 
EPROM. The bootstrap program manipulates the PCR when 
programming, so that users need not be concerned with the 
PCR in most applications. A description of each bit follows. 


Program 
Control 
Register 
$008 


Programming Latch Enable- When cleared thiS 
bit allows the address and data to be latched In- 
to the EPROM. When this bit is set, data can be 
read from the EPROM. 


1= Isetl read EPROM 
0= Iclear! 
latch 
address 
and 
data 
Into 


EPROM Iread disabledl 


PLE is set during a Reset, but may be cleared 
any time. However, its effect on the EPROM is 
inhibited if VPON ISa logic ''1'' 


Program Enable- When cleared, PGE enables 
programming of the EPROM. PGE can only be 
cleared if PLE is cleared. PGt must be set when 
changing the address and data; i.e., setting up 
the byte to be programmed. 


1= Isetl mhibit EPROM programming 
0= Iclear) enable EPROM programming lif 
PUislowl 


PGE is set during a Reset; however, 
it has no 
effect 
on EPROM circuits 
if VPON is a logic 
"1". 


b2, VPON 
IVpp ON) - WON is a read-only bit and when at 
a logic "0" 
it indicates that a "high 
voltage" 
is 
present at the Vpp pin. 


1= no "high 
voltage" 
on Vpp pin 
0= "high 
voltage" 
on Vpp pin 


VPON being "1" 
"disconnects" 
PGE and PLE 
from the rest of the chip, preventing 
accidental 


clearing of these bits from effecting 
the normal 


operating 
mode. 


Note 


VPON being "0" 
does not indicate that the Vpp 
level IS correct for programming. 
It is used as a 


safety 
Interlock 
for 
the 
user 
in 
the 
normal 
operating 
mode. 


The Programming 
Control 
Register functions 
are shown 
below: 


VPON PGE 
PLE 
Programming 
Conditions 
0 
0 
0 
Programming 
mode (program 
EPROM 
byte) 


1 
0 
0 
PGEand PLE d.sabledfrom system 
0 
1 
0 
Programming 
disabled (latch address and 
data ,n EPROM) 


1 
1 
0 
PGEand PLE disabled from system 
0 
0 
1 
Invalid state; PGE= 0 ,ff PLE~ 0 


1 
0 
1 
Invalodstate; PGE= 0 Iff PLE~ 0 
0 
1 
1 
"High voltage" on VPP 


1 
1 
1 
PGEand PLEdisabled from system 
IOperatlng Model 


ERASING THE EPROM 


The MC68705P5 EPROM can be erased by exposure 
to 


high-intensity 
ultraviolet 
IUV) 
light 
with 
a wavelength 
of 


2537 A. The recommended 
Integrated dose IUV intensity 
x 
exposure time) is a 25 Wsl cm2 The lamps should be used 
without 
shortwave 
filters 
and the 
MC68705P5 should 
be 


positioned 
about 
one inch from 
the UV tubes. 
Ultraviolet 


erasure clears all bits of the MC68705P5 EPROM to the "0" 
state 
Data is then entered 
by programming 
"Is" 
into the 
desired bit locations. 


Caution 


Be sure that the EPROM window 
is shielded from light 
except when erasing. Th,s protects 
both the EPROM 
and light-sensitive 
nodes. 


PROGRAMMING 
FIRMWARE 
The MC68705P5 has 115 bytes of mask ROM containing 
a 
bootstrap 
program 
which 
can 
be used 
to 
program 
the 


MC68705P5 EPROM. The vector at addresses $7F6 and $7F7 
is used to start executing the program. This vector is fetched 
when 
VIHTP 
is applied 
to 
pin 
7 
ITIMER 
pin) 
of 
the 


MC68705P5 and the RESET pin is allowed 
to rise above 
VIRES +. 
Figure 18 provides a schematic diagram of a circuit 


and a summary of programming 
steps which can be used to 


program the EPROM in the MC68705P5. 


Note that the MC68705P5 will not execute the bootstrap 
program when in the secure mode. Therefore, 
the on-chip 
EPROM must be completely 
erased before programming. 
To 
enter the secure mode, bit 3 of the mask option register must 
be programmed 
to a logic one and memory locations 
$782 


and $783 must be programmed 
with $20 and $FE respective- 


Iy. After programming, 
the only way to revert the non-secure 


mode is by erasing the entire EPROM. 


PROGRAMMING 
STEPS 


The MCM2716 UV EPROM must first be programmed with 
an exact duplicate of the information 
that is to be transferred 


to the MC68705P5. Non-EPROM 
addresses are ignored 
by 


the bootstrap. 
Since the MC68705P5 and the MCM2716 are 
to be inserted and removed from the circuit they should be 
mounted in sockets. In addition, 
the precaution 
below must 
be observed Irefer to Figure 18): 


Caution 


Be sure S1 and S2 are closed and VCC and + 26 V are 
not 
applied 
when 
inserting 
the 
MC68705P5 
and 
MCM2716 into their respective sockets. 
This ensures 
that RESET is held low while inserting 
the devices. 


When 
ready 
to 
program 
the 
M C68705P5 
it 
is 
only 


necessary to provide VCC and + 26 V, open switch 
S2 Ito 
apply Vpp and VIHTPI, and then open SI Ito remove Resetl. 
Once the voltages are applied and both S2 and S1 are open, 
the CLEAR output control line IPB4) goes high and then low, 
then the II-bit 
counter 
IMCI4040BI 
is clocked 
by the PB3 
output ICOUNT). The counter selects the MCM2716 EPROM 
byte which 
is to load the equivalent 
MC68705P5 EPROM 
byte selected by the bootstrap 
program. 
Once the EPROM 


location 
is loaded, COUNT clocks the counter 
to the next 


EPROM location. 
This continues 
until 
the 
MC68705P5 is 
completely 
programmed 
at which 
time the Programmed 
in- 
dicator 
LED is lit. The counter 
is cleared and the loop is 


repeated 
to verify 
the programmed 
data. 
The Verified 
in- 


dicator LED lights if the programming 
is correct. 


Once the MC68705P5 has been programmed 
and verified, 
close switch 
S2 Ito 
remove 
Vpp 
and VIHTP) 
and close 
switch 
SI 
Ito 
Resetl. 
Disconnect 
+26 
V and VCc; 
then 


remove the MC68705P5 from its socket. 


MC6805P2 AND MC6805P4 EMULATION 


The MC68705P5 emulates the MC6805P2 and MC6805P4 


"exactly." 
MC6805P2/P4 
mask features are implemented 
in 
the 
Mask 
Option 
Register 
IMOR) 
EPROM 
byte 
on 
the 
MC68705P5. There are a few minor exceptions to the exact- 
ness of emulation with are listed below: 


1. The MC6805P2 "future 
ROM" 
area is implemented 
in 
the MC68705P5 and these 704 bytes must be left un- 
programmed 
to accurately simulate the MC6805P2/P4. 
(The MC6805P2/P4 
reads all "Os" from this area.) 


2. The reserved 
ROM areas in the 
MC6805P21 P4 and 


MC68705P5 have different data stored in them and this 
data 
is 
subject 
to 
change 
without 
notice. 
The 


MC6805P2 uses the reserved ROM for the self-check 
feature 
and 
the 
MC68705P5 
uses this 
area for 
the 
bootstrap 
program. 


3. The MC6805P2 reads all "Is" 
in its 48 byte "future 


RAM" 
area. 
This 
RAM 
is not 
implemented 
in the 


MC6805P2 mask ROM version, 
but is implemented 
in 
the MC68705P5 and MC68705P3. 


4. The Vpp line (pin 6) in the MC68705P5 must be tied to 
VCC for normal operation. 
In the MC6805P2, pin 6 is 


the NUM pin and is grounded in normal operation. 
The 


MC6805P4 uses pin 6 for VSs-wfiich 
is normally tied to 
VCc; 
as with the MC68705P5. 
5. The function 
in the Non-User Mode is not identical to 
the MC6805P2/P4 version. Therefore, 
the MC68705P5 


II 


FIGURE 
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17 
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'" 
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E 


lN4748A 
~ 


"0 
VCC=VDD= 
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> 
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~ 
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Summary 
of Programming 
Steps: 


1. When 
plugging 
in the MC68705P5 
or the MCM2716, 
be sure that 
51 and 52 are closed 
and that VCC and 
+ 26 V are not applied. 


2. To initiate 
programming, 
be Sure 51 is closed; 
52 is closed; 
and VCC and 
+26 
V are applied. 
Then open 52, followed 
by 51. 


3. 
Before 
removing 
the MC68705P5, 
first close 52 and then close 51. 
Disconnect 
VCC and 
+ 26 V; then remove 
the MC68705P5. 


MCU 


READV - 
2 P 


Serial 
Clock 
10 
Device 
R 
T 
Data 
OA- 


SELF 
BRSET 
2, PORTA, 
SELF 


BSET 
1, PORTA 
BRCLR 
0, PORTA, 
CONT 
CONT 
BCLR 
1, PORTA 
ROR 
RAMLOC 


does not function in the MEX6805 Support System. In 
normal operation, all pin functions are the same as on 
the MC6805P2/P4 version, except for pin 6 as previous- 
ly noted. 
6. The MC6805P4 provides a standby RAM feature which 
is not available on the MC68705P5. 


The operation 
of all other 
circuitry 
has been exactly 
duplicated or designed to function exactly the same in both 
devices including Interrupts, 
Timer, Data Ports, and Data 
Direction Registers IDDRsl. A stated design goal has been to 
provide the user with a safe inexpensive way to verify his 
program and system design before committing 
to a factory 
programmed ROM. 


BIT MANIPULATION 


The MC68705P5 MCU has the ability to set or clear any 
single random-access memory or input! output 
bit (except 
the Data Direction Register, see Caution under INPUT/OUT- 
PUTI, with a single instruction IBSEl, 
BCLRI. Any bit in the 


page zero memory can be tested, using the BRSET and 
BRCLR instructions and the program branches as a result of 
its state. The Carry bit equals the value of the bit referenced 
by BRSEl 
and BRCLR. A Rotate instruction 
may then be 
used to accumulate serial input data in a RAM location or 
register. This capability to work with any bit in RAM, ROM, 
or I/O allows the user to have individual flags in RAM or to 
handle I/O 
bits as control 
lines. The coding 
example in 
Figure 19 illustrates the usefulness of the bit manipulation 
and test instructions. Assume that the MCU is to communi- 
cate with an external serial device. The external device has a 
data ready signal, a data output line, and a clock line to clock 
data one bit at a time, LSB first, out of the device. The MCU 
waits until the data is ready, clocks the external device, picks 
up the data in the Carry flag (C-bill, clears the clock line, and 
finally accumulates the data bit in a RAM location. 


ADDRESSING MODES 


The MC68705P5 MCU has 10addressing modes which are 
explained briefly in the following paragraphs. For additional 
details and graphical illustrations, refer to the M6805 Family 
Users Manual. 


The term" effective address" IEAI is used In describing the 
addressing modes. EA is defined as the address from which 
the argument for an instruction is fetched or stored. 


IMMEDIATE 
- 
In the immediate addressing mode, the 
operand is contained in the byte immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
(e.g., a constant used to initialize a loop counterl. 


DIRECT - 
In the direct addressing mode, the effective ad- 
dress of the argument is contained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 256 bytes in memory with a single 
2-byte instruction. 
This address area includes all on-chip 
RAM, I/O registers, and 128 bytes of EPROM. Direct ad- 
dressing is an effective use of both memory and time. 


EXTENDED - 
In the extended addressing mode, the ef- 
fective address of the argument is contained in the two bytes 


following the opcode. Instructions using extended address- 
ing 
are capable 
of 
referencing 
arguments 
anywhere 
in 
memory with a single 3-byte instruction. 
When using the 
Motorola 
assembler, 
the 
programmer 
need 
not 
specify 
whether an instruction uses direct or extended addressing. 
The assembler automatically selects the shortest form of the 
instruction. 


RELATIVE - 
The relative addressing mode is only used in 
branch instructions. 
In relative addressing, the contents of 
the 8-bit signed byte following the opcode Ithe offsell is add- 
ed to the PC, if and only if, the branch condition 
is true. 


Otherwise, 
control 
proceeds to the next instruction. 
The 
span of relative addressing is from -126 
to + 129 from the 
opcode address. The programmer 
need not worry 
about 
calculating 
the correct 
offset 
when 
uSing the 
Motorola 
assembler, since it calculates the proper offset and checks to 
see if it is within the span of the branch. 


INDEXED, 
NO 
OFFSET - 
In the indexed, 
no offset 
addressing mode, the effective address of the argument is 
contained in the 8-bit index register. Thus, this addressing 
mode can access the first 256 memory locations. These in- 
structions are only one byte long. This mode is often used to 
move a pointer through a table or to hold the address of a 
frequently referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET - 
In the indexed, 8-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and unSigned 
byte followinq the opcode. This addressinq mode is useful in 
selecting the kth element in an n element table. With this 
2-byte instruction, k would typically be in X with the address 
of the beginning of the table in the instruction. 
As such, 
tables may begin anywhere within the first 256 addressable 
locations and could extend as far as location 510 ($1FE ISthe 
last location at which the instruction may beginl. 


INDEXED, 16-BIT OFFSET - 
In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following the opcode. This address mode can 
be used in a manner similar to indexed, 8-bit offset. except 
that this 3-byte instruction allows tables to be anywhere in 
memory. 
As with 
Direct and 
Extended addressing, 
the 
Motorola assembler determines the shortest form of indexed 
addressing. 


BIT SET/CLEAR - 
In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode and the byte 
following the opcode specifies the direct address of the byte 
in which the specified bit is to be set or cleared. Thus, any 
read/write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single 2-byte in- 
struction. 
See Caution under the INPUT/OUTPUT. 


BIT TEST AND 
BRANCH 
- 
The bit test and branch 


addressing mode is a combination of direct addressing and 
relative addressing. The bit which is to be tested and the 
condition 
(set or clearl is included in the opcode, and the 


address of the byte to be tested is in the single byte im- 
mediately following 
the opcode byte. The signed relative 
8-bit offset is in the third byte and is added to the value of the 
PC, if the branch condition is true. This single 3-byte instruc- 
tion allows the program to branch based on the condition of 
any readable bit In the first 256 locations of memory. The 
span of branching is from -125 
to + 130 from the opcode 
address. The state of the tested bit is also transferred to the 
Carry bit of the Condition Code Register See Caution under 
INPUT/OUTPUT, 


INHERENT - 
In the inherent addressing mode, all the in- 


formation 
necessary 
to execute 
the 
instruction 
is contained 
in the opcode. Operations specifying only the index register 


or accumulator, 
as well 
as control 
instruction 
with 
no other 
arguments, are included in this mode. These Instructions are 
one byte long. 


INSTRUCTION SET 
The MC68705P5 MPU has a set of 59 basic instructions, 
which when combined with the 10 address modes produce 
207 usable opcodes. They can be divided into five different 
types: 
register/memory, 
read-modify-write, 
branch, 
bit 
manipulation, and control. The following paragraphs briefly 
explain each type. All the instructions within a given type are 
presented in indiVidual tables. 


REGISTER/MEMORY INSTRUCTIONS 
- 
Most of these 


instructions 
use two 
operands. 
One operand 
IS either 
the ac- 


cumulator or the index register. The other operand is obtain- 
ed from memory using one of the addreSSing modes. The 


jump unconditional IJMPI and Jump to subroutine IJSRIIn- 
structions have no register operands. Refer to Table 1 


READ-MODIFY-WRITE 
INSTRUCTIONS 
- 
These in- 


structions 
read a memory location or a register, modify or 
test ItS contents, 
and write 
the modified 
value back to 
memory or to the register (see Caution under INPUT/OUT- 
PUTI. The test for negative or zero (TSTI instruction is in- 
cluded in the read-modify-write 
instructions, 
though it does 


not perform the write. Refer to Table 2. 


BRANCH 
INSTRUCTIONS 
- 
The branch instructions 
cause a branch from the program when a certain condition is 
met. Refer to Table 3. 


BIT MANIPULATION 
INSTRUCTIONS 
- 
These instruc- 


tions are used on any bit in the first 256 bytes of the memory 
(see Caution under INPUT/OUTPUTI. 
One group either sets 
or clears. The other group performs the bit and test branch 
operations. Refer to Table 4. 


CONTROL INSTRUCTIONS 
- The control 
Instructions 
control 
the 
MCU 
operations 
during 
program 
execution. 


Refer to Table 5. 


ALPHABETICAL LISTING - 
The complete Instruction set 
is given in alphabetical order In Table 6. 


Addressing 
Modes 


Indexed 
Indexed 
Indexed 
Immedi.te 
Direct 
Extended 
(No Offsetl 
(8-Bit 
Offset) 
fl6·Bit 
Offsetl 


Op 
• 
• 
Op 
• . 
Op . 
• 
Op . . 
Op . 
• 
OP 
• 
• 
Function 
MnemoniC 
Cod 
Bytes 
Cycles 
Code Bytes 
Cycles 
Code Bytes 
Cycles 
Code Bytes 
Cycles 
Code Byles 
Cycles 
Cod. 
Byles 
Cycles 


Load A from Memorv 
LOA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
06 
3 
6 


Load X from Memorv 
LOX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


slOrt: A In MemorV 
STA 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
07 
3 
7 


siore X In Memorv 
STX 
BF 
2 
5 
CF 
3 
6 
H 
1 
5 
EF 
2 
6 
OF 
3 
7 


Add Memorv 10 A 
ADO 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add Memorv and 


Carry 
10 A 
AOC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
09 
3 
6 


Subtract Mem.>ry 
SUB 
AD 
2 
2 
BD 
2 
4 
CO 
3 
5 
FO 
1 
4 
ED 
2 
5 
00 
3 
6 


Subtract Memory hom 
A Wllh Borrow 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
02 
3 
6 


AND Memory 10 A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
04 
3 
6 


O~ Memory WIth A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
OA 
3 
6 


E_cluslve OR Memory 
WIth A 
EOR 
AB 
2 
2 
B8 
2 
4 
0.8 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


ArithmetIC Compare A 
With Memory 
CMP 
Al 
2 
2 
Bl 
2 
4 
Cl 
3 
5 
F1 
1 
4 
E1 
2 
5 
01 
3 
6 


AtlthmetlC Compare X 
With Memory 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
03 
3 
6 


elt Test Memory WIth 


A (Logical Compare) 
BIT 
A5 
2 
2 
65 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
05 
3 
6 


Jump Unconditional 
JMP 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 10 subrOullne 
JSR 
BO 
2 
7 
CD 
3 
B 
FD 
1 
7 
ED 
2 
B 
DO 
3 
9 


Addressing 
Modes 


Indued 
Indexed 
Inherent 
(A) 
Inherent 
(X) 
Direct 
(No 
Offset) 
f8 
Bit Offset) 


0. 
• 
• 
0. 
• 
• 
0. 
• 
0 
0 • 
0 
0 
0. 
• 
• 
Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Incremenl 
INC 
4C 
I 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
OEC 
4A 
1 
4 
SA 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLA 
4F 
1 
4 
SF 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
I 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


(2'5 
Complement) 
NEG 
40 
I 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 


Rolate 
left 
Thru 
Carry 
AOL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


ROlate RIghI Thru Carry 
AOA 
46 
I 
4 
56 
I 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


logical 
Shift 
left 
LSL 
48 
I 
4 
58 
I 
4 
38 
2 
6 
78 
I 
6 
68 
2 
7 


logIcal 
ShIft 
RIght 
LSA 
44 
I 
4 
54 
1 
4 
34 
2 
6 
74 
I 
6 
64 
2 
7 


Artthmetlc 
ShIft 
Right 
ASA 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
I 
6 
67 
2 
7 


Test 
tor NegatIve 


or Zero 
TS1 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 


• 


•• 


Relative Addressing Mode 


Function 
Mnemonic 
Op 
, 
, 


Cod. 
Bytes 
Cycles 


Branch Always 
BAA 
20 
2 
4 


Branch Never 
BAN 
21 
2 
4 


Branch 
IFF 
Higher 
BHI 
22 
2 
4 


Branch 
IFF 
Lower 
or Same 
BlS 
23 
2 
4 


Branch 
IFF 
Carry 
Clear 
BCC 
24 
2 
4 


(Branch 
IFF 
Higher 
or Samel 
IBHSI 
24 
2 
4 


Branch 
IFF Carry 
Set 
BCS 
25 
2 
4 


(Branch IFF Lowed 
IBlOI 
25 
2 
4 


Branch 
IFF 
Not 
Equal 
BNE 
26 
2 
4 


Branch 
IfF 
Equal 
BEa 
27 
2 
4 


Branch 
IFF 
Half 
Carry 
Clear 
BHCC 
28 
2 
4 


Branch 
IFF 
Half 
Carry 
Set 
BHCS 
29 
2 
4 


Branch IFF Plus 
BPl 
2A 
2 
4 


Branch 
IFF 
Minus 
BMI 
2B 
2 
4 


Branch 
IFF 
Interrupt 
Mask 
Bit 
IS Clear 
BMC 
2C 
2 
4 


Branch 
IFF 
Interrupt 
Mask 
Bit is Set 
BMS 
20 
2 
4 


Branch 
IFF 
Interrupt 
line is Low 
Bil 
2E 
2 
4 


Branch 
IFF 
Interrupt 
Line 
is HIgh 
BIH 
2F 
2 
4 


Branch 
to Subroutine 
BSA 
AO 
2 
8 


Addressing Modes 


Bit 5etl Clear 
Bit Test and Branch 


Function 
Mnemonic 
Op 
, 
, 
Op 
, 
, 


Cod. 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch 
IfF 
Bit n 1$ set 
BRSET n (n _ 0 ... 71 
- 
- 
- 
2' 
n 
3 
10 


Branch 
IFF Bit n is deaf 
BACLR 
n (n 
- 
0 .. .71 
- 
- 
- 
01 + 2. n 
3 
10 


Set 
Bit n 
BSET 
n In 
- 
0 ... .71 
10 + 2. 
n 
2 
7 
- 
- 
- 


Clear all n 
BeLA 
n (n - 
0 .... 71 
11 + 2. 
n 
2 
7 
- 
- 


Inherent 


FunctKJn 
Mnemonic 
Op 
, 
, 


Cod. 
Bytes 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
2 


Transfer 
X to A 
TXA 
9F 
1 
2 


Set 
Carry 
Bit 
SEC 
99 
1 
2 


Clear 
Carry 
Bit 
ClC 
9B 
1 
2 


Set 
Interrupt 
Mask 
Bit 
SEI 
9B 
1 
2 


Clear 
Interrupt 
Mask 
BIt 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
B3 
1 
11 


Return 
from 
SubroutIne 
ATS 
Bl 
1 
6 


Return 
from 
Interrupt 
AT! 
eo 
1 
9 


Reset 
Stack 
POinter 
ASP 
9C 
1 
2 


No-OperatIOn 
NOP 
90 
1 
2 


Addressing 
Modes 
Condition 
Codes 


Bit 
Bit 


Indexed 
Indexed 
Indexed 
Setl 
Test & 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No Offsetl 
(8 Bitsl 
116 Bits) 
Cle.r 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
A · 


A 
A 
A 


ADD 
X 
X 
X 
X 
X 
X 
A · 


A 
A 
A 


AND 
X 
X 
X 
X 
X 
X 
·· 


A 
A · 


ASl 
X 
X 
X 
X 
· · 


A 
A 
A 


ASR 
X 
X 
X 
X 
·· 


A 
A 
A 


BCC 
X 
····· 


BClR 
X 
·· · ·· 
BCS 
X 
··· ·· 
BEG 
X 
· ···· 
BHCC 
X 
· ·· ·· 
BHCS 
X 
··· · · 
BHI 
X 
····· 
BHS 
X 
· ·· ·· 
BIH 
X 
· ·· ·· 
Bil 
X 
· ···· 
BIT 
X 
X 
X 
X 
X 
X 
· · 


A 
A · 
BlO 
X 
····· 
BlS 
X 
···· · 
BMC 
X 
·· ··· 
BMI 
X 
····· 
BMS 
X 
·· ··· 
BNE 
X 
····· 
B?l 
X 
····· 
BRA 
X 
·· ··· 
BRN 
X 
····· 
BRClR 
X ···· 
A 


BRSET 
X ···· 
A 


BSH 
X 
····· 
BSR 
X 
····· 
ClC 
X 
···· 


0 


CLI 
X 
· 


0 · ·· 
ClR 
X 
X 
X 
X 
·· 


0 
1 · 
CM? 
X 
X 
X 
X 
X 
X 
·· 


A 
A 
A 


COM 
X 
X 
X 
X 
·· 


A 
A 
1 


C?X 
X 
X 
X 
X 
X 
X 
·· 


A 
A 
A 


Condition 
Code Symbols 


H 
Half Carry (From Bit 31 
I 
Interrupt 
Mask 
N 
NegatIve 
(SIgn Bit) 


Z 
Zero 


C 
Carryl Borrow 


A 
Test and Set If True. Cleared OtherwIse 
Not Affected 
Load CC RegIster From Stack 


1 
Set 
o 
Cle.r 


Addressing 
Modes 
Condition 
Codes 


Bit 
Bit 
Indexed 
Indexed 
Indexed 
Setl 
Test & 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
INo Offset) 
IB Bits) 
(16 Bitsl 
Clear 
Branch 
H 
I 
N 
Z 
C 


OEC 
X 
X 
X 
X 
· · 


A 
A · 
EOR 
X 
X 
X 
X 
X 
X 
· · 


A 
A · 
INC 
X 
X 
X 
X 
· · 


A 
A · 
JMP 
X 
X 
X 
X 
X 
····· 
JSR 
X 
X 
X 
X 
X 
·· ··· 
LOA 
X 
X 
X 
X 
X 
X 
·· 


A 
A · 
LOX 
X 
X 
X 
X 
X 
X 
·· 


A 
A · 
LSL 
X 
X 
X 
X 
·· 


A 
A 
A 


LSR 
X 
X 
X 
X 
·· 


0 
A 
A 


NEG 
X 
X 
X 
X 
·· 


A 
A 
A 


NOP 
X 
····· 
ORA 
X 
X 
X 
X 
X 
X 
·· 


A 
A · 
ROL 
X 
X 
X 
X 
·· 


A 
A 
A 


RSP 
X 
····· 
RTI 
X 
? 
? 
? 
? 
? 


RTS 
X 
··· ·· 
SBC 
X 
X 
X 
X 
X 
X 
·· 


A 
A 
A 


SEC 
X 
· ·· · 
1 


SEI 
X 
· 
1 · ·· 
STA 
X 
X 
X 
X 
X 
·· 


A 
A · 
STX 
X 
X 
X 
X 
X 
·· 


A 
A · 
SUB 
X 
X 
X 
X 
X 
X 
·· 


A 
A 
A 


SWI 
X 
· 
1 ··· 
TAX 
X 
····· 
TST 
X 
X 
, 
X 
X 
·· 


A 
A · 
TXA 
X 
·· ··· 


Condition 
Code Symbols 


H 
Half Carry IFrom 
Bit 31 


I 
Interrupt 
Mask 
N 
Negative 
(Sign Bltl 


Z 
Zero 


C 
Carry/Borrow 


A 
Test and Set if True, Cleared Otherwise 
Not Affected 
Load CC Register From Stack 


1 
Set 


o 
Clear 


BASEJi. 
I , BSE1~c 


10 
• 


BACl:T5A 
I , BCl~~1 


1 
• 


BASEJf. 
I 
, BSE1~c 
, 
. 


BACl~f, 
I , BCl~~C 


10 
7 
4 


BASE!;, 
BSE1~c 


10 
• 


BAClA7 
BClA7 


3 
8T8 
2 
sse 
2 


Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Set! Clear 
Bit Test and 
Branch 


Indexed 
INo Offset) 
Indexed, 
1 Byte IB-BIII 
Offset 


Indexed, 
2 Byte 116-Bit) Offset 


BLS,,, 


BCCA~I 


BCS", 


BNERI'I 


BEO...ill 


A 


rl,o 
r1" 


SAARF1 I: 
NEG 
IR 
: 


BAN", 


SHI 
RF1 


01~1 


NEG 
INH 


~ 


'BASE!P, 
BSE1~c 


10 
7 


BACL:P. 
BCl~~c 


'SRSEJT'A 
BSE1~(" 
, 
,~- 
. 


BACl:,'. 
BCl~;c 


I~_ 
7 


BASE!l, 
BSE1~, 


1~_ 
BACl:l. 
BCl~~c 


ISRSEJtR 
BSE1~r 
" 


I~. 
• 


BACl~?, 
,BCL~~, 
, 
. 


BASEJ:. 
I , BSE1~c 
BHC~" 


10 
7 
" 


BACl~;', 
I , BCL~~, 
BHC~" 
. 


BPl,,, 


BMIR!" 


BM~" 


BMS 
RF1 


Bll 
AEl 


BIH 


REL 
2 


·COMA 
1 
INH 
· 


, 
6 
COM 
COM 


IXI 
1 
IX 
7 
6 
. 
COMX 


1 
INH 
. 


AQRA 
RORX 
1 
INH 
1 
I 
H 
· 
. 
ASRnlR 
1 ASR~H 
1 ASR~NH 
· 
. 
lSL01R 
1 LSl~NH 
1 
· 
. 


ROLOIR 
I ROL~NH 
1 ROL~NH 
· 
. 


4 
4 
7 
6 


lNC DIR 
1 INC~NH 
1 INC~NH 
, 
INC IX1 
1 
INC 
IX 


TST 
"TSlA 
4 TSTX, 
7 


T$T 
6 


'OIR 
1 
INH 
1 
INH 
1)(1 
1 


I 


nl~l 


6• NEG 


I 
" 


ATI 
1 
INH 
6 


ATS 


1 
INH 


# of Cycles 


Mnemonic 


Bytes 


DIA 


'~1 
11~ 


SUBnlR 
:: 
SU~XT 
SUB1X1 


; 
6 


CMP 
CMP 
CMP 


DIR 
EXT 
IX] 


SBC 
' 
SBC 
_ SBC 


DIR 
EXT. 
IX2 


CP~XT 
: 
CPX 
Ix2 


AN~XT I: AND1X? 


BlTm 
: 
BIT" 


6 
lD~)(T 
, 
LDA1x 


SU~UM 


CMP 


IMM 


· 
BI~MM , 
BIT01" 
· 
LD~MM 
, 
LOA DIR 


; 
STADIR 
· 
EO~Uf.A 
, 
EORr')IR 


4 
ADC 
ADC 


lMM 
2 
DIR 
3 


DAA 
4 
OAA 


IMM 
2 
DIR 
3 


AD?MM 
1 
ADD01R 


J 
JMP 


, 
DIR 
3 


BSARf.l 
~ 
JSA DIR 
3 


LOX 
4 
LOX 


IMM 
2 
OIR 
3 
, 
STX 


2 
DIR 
3 


ST~XT 
3 
STA1x 


EOA 
'EOA 


EXT 
1 
IX 


ADC 
. 6 ADC 


EXT 
3 
IX2 
2 


DAA 
;' 
OAA 


EXT' 
IX2 
2 


ADD 
'ADD 


EXT 
3 
IX2 


JMP 
, 
JMP 


EXT 
3 
IX2 
2 


JSA 
' 
JSA 


EXT 
3 
IX 
2 


LDXexT 
: 
LOX 
IX 


STX 
7 
STX 


EXT 
3 
IX2 
2 


• 


l'~O 
1'~1 
H~ 


SUB". 
• 
SUB" 
,};., 
· 
CMP 
CMP 


IX1. 
IX 


SBC 
• 
SBC 
IXI 
1 
IX 


CPX 
CPX 
lXI 
1 
IX 


AND 
• 
AND 


IX 
1 
. 
IX 
· 


STA 
STA 
7 
IX\ 
1 
IX 
111 
• 
EOAIX1 
, 
EOA IX 
,~ 
• 
ADC 
ADC 
9 
IX! 
1 
IX 
1001 


ADD 
ADD 
B 


IXl 
1 
IX 
1011 


JMP 
J 
JMP 
C 
IXl 
1 
IX 
11(() 


• 


@ MOTOROLA 


The MC146805E2 Microprocessor 
Unit (MPU) belongs to the M6805 


Family 
of 
Microcomputers. 
This 
8-bit 
fully 
static 
and 
expandable 
microprocessor 
contains a CPU, on-chip 
RAM, 1/0, 
and TIMER. It is a 
low-power, 
low-cost 
processor designed for low-end to mid-range ap- 


plications in the consumer, automotive, 
industrial, and communications 
markets where very low power consumption 
constitutes 
an important 
factor. 
The following 
are the major features of the MC146805E2 MPU: 


HARDWARE 
FEATURES 


• 
Typical Full Speed Operating 
Power of 35 mW @ 5 V 


• 
Typical WAIT 
Mode Power of 5 mW 


• 
Typical STOP Mode Power of 25 ",W 


• 
112 Bytes of On-Chip RAM 


• 
16 Bidirectional 
1/0 Lines 


• 
Internal B-Bit Timer with Software 
Programmable 
7-Bit Prescaler 


• 
External Timer Input 


• 
Full External and Timer Interrupts 


• 
Multiplexed 
AddresslData 
Bus 


• 
Master Reset and Power-On 
Reset 


• 
Capable of Addressing 
Up to 8K Bytes of External Memory 


• 
Single 3- to 6-Volt Supply 


• 
On-Chip Oscillator 


• 
4O-Pin Dual-In-Line 
Package 


• 
Chip Carrier Also Available 


SOFTWARE 
FEATURES 


• 
Similar to the MC6800 


• 
Efficient 
Use of Program Space 


• 
Versatile Interrupt 
Handling 


• 
True Bit Manipulation 


• 
Addressing 
Modes with 
Indexed Addressing 
for Tables 


• 
Efficient 
Instruction 
Set 


• 
Memory Mapped 
1/0 


• 
Two Power Saving Standby Modes 


Package 
Frequency 


TVpe 
(MHz) 
Temperature 
Generic 
Number 


Ceramic 
1.0 
O°C to 70°C 
MCl46805E2L 
L Suffix 
1.0 
- 4Q°C 
to 85°C 
MCl46805E2CL 


Cerdip 
1.0 
O°C to 70°C 
MCl46805E2S 
S Suffix 
1.0 
- 40°C to 85°C 
MCl46805E2CS 


Plastic 
1.0 
O°C to 70°C 
MCl46805E2P 
P Suffix 
1.0 
-40°C 
to 85°C 
MCl46805E2CP 


Leadless 
Chip Carrier 
1.0 
O°C to 70°C 
MCl46805E2Z 
Z Suffix 
1.0 
- 4Q°C to 85°C 
MCl46805E2CZ 


8-BIT 


MICROPROCESSOR 


S SUFFIX 


CERDIP PACKAGE 
CASE 734 


L SUFFIX 


CERAMIC PACKAGE 
CASE 715 


P SUFFIX 


PLASTIC PACKAGE 
CASE 711 


Z SUFFIX 
CHIP CARRIER 


CASE 761 


PIN ASSIGNMENT 


RESET 
VOO 


IRQ 
131 
140139 
OSCI 


LI 
141 
(39)38 
OSC2 


OS 
151 
138137 
TIMER 


R/W 
161 
137136 
PBO 


AS 
171 
136135 
PBl 


PA7 
181 
135134 
PB2 


PA6 
191 
134133 
PB3 


PAS 
133132 
PB4 


101111 
(32) 31 
PB5 


131130 
PB6 


PA2 
121131 
130129 
PB7 


PAl 
131141 
129128 
BO 


14 1151 
128127 
B1 


151161 
127126 
B2 


16 (17) 
126125 
B3 


171181 
125124 
B4 


181191 
124123 
B5 


191201 
123122 
B6 


12212t 
B7 


Pin numbers 
in parentheses 
represent 
equivalent 
Z 


suffix 
chip carrier 
pins. 


Ratings 
Symbol 
Value 
Unit 


Supply 
Voltage 
VDD 
-0.3 
to +8.0 
V 


All Input 
Voltages 
Except 
aSC1 
Vin 
VSS-0.5 
to VDD+O.5 
V 


Current 
Drain 
Per Pin Excluding 
VDD 
and VSS 
I 
10 
mA 


Operating Temperature 
Range 
TL to TH 
MC146805E2 
TA 
o to 70 
'C 


MC146805E2C 
-40 
to 85 


Storage Temperature 
Range 
TStQ 
-55 
to + 150 
'C 


This device contains circuitry to protect the 


inputs against damage due to high static volt- 


ages or electric 
fields; 
however, 
it is advised 


that normal precautions be taken to avoid ap- 


plication 
of any voltage 
higher 
than 
maxi- 


mum rated voltages 
to this high impedance 


circuit. For proper operation it is recommend- 


ed that Vin and Vout 
be constrained 
to the 


range VSSslVin 
or VoutlsVDD. 
Reliability 
of operation is enhanced 
if unused inputs are 


tied 
to 
an 
appropriate 
logic 
voltage 
level 


le.g., 
either 
VSS or VDDI. 


Characteristics 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Plastic 
100 
Cerdip 
9JA 
60 
'C/W 
Ceramic 
50 
Chip-Carrier 
TSD 


PAO 


PAl 
BO 
Accumulator 


PA2 
POrI 
Data 
B 
A 
CPU 
Mu, 
B. 


POrt 
A 
DO< 
Index 
Conuol 
Bus 
B2 
A 
PA3 
Reg 
Reg 
Register 
Drive 
Multiplexed 


110 
PA4 


B3 
Address! 


lines 
Condition 
B4 


Data 


PA5 
Code 
Bus 


PA6 
5 
RegIster 
CC 
CPU 
B5 


PA7 
Stack 
B6 


6 
POlnler 
SP 
B7 


Program 
Counter 


PBO 
High 
PCH 
ALU 
AB 
Program 
PBI 
COunter 
Address 
A9 
Address 
Port 
Data 
low 
PCl 
D(lve 
Bus 
POri 
PB2 
B 
DO< 
AIO 


B 
PB3 
Reg 
Reg 
All 
110 
PB4 
15 
AI2 
lines 


PB5 


PB6 


PB7 
AS 
Address 
Strobe 
112x8 
Bus 
OS 
RAM 
Control 
Dala 
SHobe 
11b21 


R/W 
Read!Wrlle 


• 


• 


Characteristics 
Symbol 
Min 
Max 
Unit 


Output 
Voltage 
(ILoad"; 
10.0 pAl 
VOL 
0.1 
V 
VOH 
VOO-O.l 
- 


Total 
Supply 
Current 
(CL-50 
pF - 
No de Loads, 
teye-5psl 


Run (VIL~0.2 
V, VIH~VOO-0.2 
VI 
100 
- 
1.3 
mA 


Wait 
(Test Conditions 
- 
See Note Below) 
100 
- 
200 
pA 


Stop (Test Conditions 
- 
See Note Below) 
100 
- 
100 
pA 


Output 
High Voltage 


IILoad=0.25 
mAl 
A8-A12, 
BO-B7, OS, AS, 
R/iN 
VOH 
2.7 
- 
V 


IILoad-0.1 
mAl 
PAO-PA7, 
PBO-PB7 
VOH 
2.7 
- 
V 


Output 
Low Voltage 
IILoad~ 
0.25 mAl A8-A12, 
BO-B7, PBO-PB7, OS, AS, R/W,PAO-PA7 
VOL 
- 
0.3 
V 


Input 
High Voltage 
PAC-PA7, 
PBO-PB7, 
BO-B7 
VIH 
2.1 
- 
V 


TIMER, 
iRQ, 
RESET 
VIH 
2.5 
- 
V 


OSCl 
VIH 
2.1 
- 
V 


Input 
Low Voltage 
(All Inputs) 
VIL 
- 
05 
V 


Frequency of Operation 


Crystal 
fose 
- 
1.0 
MHz 


External Clock 
fose 
de 
1.0 
MHz 


Input Current 


RESET, 
IRQ, TIMER, 
OSCI 
Iin 
- 
± 1 
pA 


HI-Z Output 
Leakage 


PAO-PA7, 
PBO-PB7, 
BO-B7 
ITSL 
- 
± 10 
pA 


Capacitance 


RESET, 
IRQ, TIMER 
Cin 
- 
80 
pF 


Capacitance 


OS, AS, 
R/IN, 
A8-A12, 
PAO-PA7, 
PBO-PB7, 
BO-B7 
Cout 
- 
12.0 
pF 


NOTE- 
Test conditIons for QUIescent 
Current Values are: 


Port A and 8 programmed 
as Inputs. 


VIL = 0.2 V for PAO-PA7, 
PBO-PB7, and BO-B7. 


VIH ~ VOO - 0.2 V for RESET, 
IRQ, and TIMER 


OSCl 
input 
IS a sQuarewalJe 
from 
VSS+O.2 
V to VOO 
- 
0.2 V. 


05C2 
output load tlncludlng tester) 
1$ 35 pF maximum. 


Walt mode IDO 
IS affected 
linearly 
by thiS capacitance. 


Characteristics 
Symbol 
Min 
Max 
Unit 


Output 
Voltage 
IILoad'" 
10.0 ~AI 
VOL 
- 
0.1 
V 
VOH 
VOO-01 
- 


Total 
Supply 
Current 
(CL - 130 pF - 
On Bus, CL - 50 pF - 
On Ports, 


No de Loads, 
teye= 
1.0 ~s, VIL ~0.2 
V, VIH = VOO-0.2 
VI 
100 
mA 
Run 
- 
10 


Wait 
(Test Conditions 
- 
See Note Below) 
100 
- 
1.5 
mA 


Stop 
lTest 
Conditions 
- 
See Note 
Belowl 
100 
- 
200 
~A 


Output 
High Voltage 


IILoad~ 
1.6 mAl 
A8·A12, 
BO·B7, OS, AS, 
R/Vii 
VOH 
4.1 
- 
V 


IILoad-O.36 
mAl 
PAQ·PA7, 
PBO·PB7 
VOH 
4.1 
V 


Output 
Low Voltage 
II Load = 1.6 mAl 
AB·A12, 
BO·B7, PAQ·PA7, 
PBO·PB7, 
OS, AS, 
R/Vii 
VOL 
- 
0.4 
V 


Input 
High Voltage 
PAO·PA7, 
PBO·PB7, BO·B7 
VIH 
VOO-2.0 
- 
V 


TIMER, 
IRO, RESET 
VIH 
VOO-O.8 
- 
V 


OSC1 
VIH 
VOO-l.5 
- 
V 


Input 
Low Voltage 
(All Inputs) 
VIL 
08 
V 


Frequency of Operation 


Crystal 
fosc 
- 
50 
MHz 


External 
Clock 
fosc 
de 
5.0 
MHz 


Input Current 


RESET, 
IRO, TIMER, 
OSC1 
lin 
- 
± 1 
~A 


Hi·Z Output 
Leakage 


PAO·PA7, 
PBO·PB7, 
BO·B7 
ITS I 
- 
± 10 
~A 


Capacitance 


RESET, 
IRO, TIMER 
Cin 
- 
8.0 
pF 


Capacitance 


OS, AS, 
R/Vii, 
AB·A12, 
PAO·PA7, 
PBO·PB7, 
BO·B7 
Cout 
- 
12.0 
pF 


NOTE 
Test conditions for Quiescent Current Values are 


Port A and B programmed 
as inputs. 


VIL =02 
V for PAQ·PA7, 
PBO·PB7, 
and BO·B7 


VIH=VOO-0.2 
V for RESET, 
IRO, and TIMER 
05C1 
Input is a squarewave 
from VSS + 0.2 V to VOO 
~ 
0.2 V 
OSC2 output load llncluding tester) IS 35 pF f'TlaXlmUm 


Wait 
mode (100) 
IS affected 
linearly by this capacItance. 


• 


• 


VOO~3.0 
V 
VOO=5.0 
v ± 
10% 


lose = 1 MHz 
lose = 5.0 MHz 


Characteristics 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 
1/0 Port Timing 
- 
Input 
Setup 
Time 
(Figure 
31 
tpVA':! 
500 
- 
- 
250 
- 
- 
ns 


Input 
Hold Time 
(Figure 
31 
tASLPX 
100 
- 
- 
100 
- 
- 
ns 


Output 
Delay Time 
(Figure 
31 
tASLPV 
- 
- 
0 
- 
- 
a 
ns 


Interrupt 
Setup Time (Figure 6) 
tlLASL 
2 
- 
- 
0.4 
- 
- 
~s 
Crystal Oscillator Startup Time (Fipure 5) 
tOXOV 
- 
30 
300 
- 
15 
100 
ms 


Wait 
Recovery Startup Time (Figure 71 
WASH 
- 
- 
10 
- 
- 
2 
uS 


Stop Recovery Startup Time (Crystal Oscillator! (Figure 81 tlLASH 
- 
30 
300 
- 
15 
100 
ms 


Required Interrupt 
Release (Figure 6) 
tOSLIH 
- 
- 
5 
- 
- 
10 
~s 


Timer 
Pulse Width 
(Figure 
71 
tTH. 
tTL 
05 
- 
- 
05 
- 
- 
teye 
Reset Pulse Width 
(Figure 
51 
tRL 
5.5 
- 
- 
1.5 
~s 
Timer Period (Figure 71 
tTLTL 
1.0 
- 
- 
1.0 
- 
- 
tcyc 


Interrupt 
Pulse Width 
Low I Figure 16) 
liLiH 
1.0 
1.0 
teye 


Interrupt 
Pulse Period (Figure 16) 
liLiL 
" 
" 
tcvc 
Oscillator 
Cycle Period 
(1/5 
of tcycl 
tOLOL 
1000 
- 
- 
200 
- 
- 
ns 


OSC1 Pulse Width 
High 
tn", 
350 
- 
- 
75 
- 
- 
ns 


OSCl 
Pulse Width 
Low 
tOL 
350 
- 
- 
75 
- 
- 
ns 


• The minimum 
penod tlLlL should not be less than the number of teye cycles It takes to execute the interrupt service routine plus 20 teye 


cycles. 


Pin 
RI 
RZ 
C 


PAD-PA7, 
PBD-PB7 
11.5 k 
2.1 k 
50 pF 


BD-B7, A8-A 12, 


2.5 k 
2.0 k 
130 pF 
R/Vii 
OS 
AS 


C=50 
pF, PAQ-PA7, 
PBO-PB7 


~ 130 pF, AB-A 12, BD-B7, OS, AS, 
R/W 


with 
VOO=5V 
±10% 


FIGURE 3 - 
I/O 
PORT TIMING 


(VLow~0.8V, 
VHigh=VDD-2.0V, 
VDD=5.0 
±1O% 


TA=lL 
to TH, 
CL on Port=50 
pF, lose=5 
MHz) 


fosc~5 
MHz 
fosc= 
1 MHz 
VDD~5.0 
V ± 10%, 


Num 
Characteristics 
Symbol 
VOO=3.0 
V 
lnL 
Unit 
50 pF Load 
and 130 pF Load 


Min 
Max 
Min 
Max 


1 
Cycle Time 
{eye 
5000 
de 
1000 
de 
ns 


2 
Pulse Width, 
U» Low 
PWEL 
2800 
560 
ns 


3 
Pulse Width, 
OS High 
PWEH 
1800 
- 
375 
- 
ns 


4 
Clock Transition 
t ,I 
- 
100 
- 
30 
ns 


8 
R/W 
Hold 
tRWH 
10 
- 
10 
- 
ns 


9 
Non-Muxed 
Address Hold 
tAH 
800 
- 
100 
- 
ns 


11 
R/W 
Delay from 
OS Fall 
tAD 
- 
500 
- 
300 
ns 


16 
Non-Muxed 
Address Delay from AS Rise 
tADH 
0 
200 
0 
100 
ns 


17 
M PU Read Data Setup 
tDSR 
200 
- 
115 
- 
ns 


18 
Read Data Hold 
IOHR 
0 
800 
0 
160 
ns 


19 
MPU 
Data Delay, Write 
IDDW 
- 
0 
- 
120 
ns 


21 
Write 
Data Hold 
tDHW 
800 
- 
55 
- 
ns 


23 
Muxed Address Delay from AS Rise 
tRHO 
0 
250 
0 
120 
ns 


24 
Muxed Address Valid to AS Fall 
tASL 
800 
- 
55 
- 
ns 


25 
Muxed Address Hold 
t "" 
250 
750 
60 
180 
ns 


26 
Delay OS Fall to AS Rise 
IASD 
800 
- 
160 
- 
ns 


27 
Pulse Width, 
AS Hloh 
PWASH 
850 
- 
175 
- 
ns 


28 
Delay, 
AS Fall to OS Rise 
tASED 
800 
- 
160 
- 
ns 


• 


• 


c.v 
R/Vii 


I 
CD 
....•. 
.j::. 


A8-A12 


8087 


MPU 
Read 


* VHigh=2.0 
V, VLow~0.5 
V for VOO=3 
V for outputs 
only. 


VHigh= 
VOO- 
2.0 V, VLow= 
0.8 V for VOO= 
5 V ± 10% for outputs 
only. 


DS 
Unmux 
A8·A12 


Address 
Bus 


Mux 80·B7 
Address/Data 
8us 
AW 


IF 


New PCH 


IF 


New PCL 


FE 
7771lJ///// 


5.0 MHz 
4.0 
MHz 
1.0 MHz 


AS max 
50ll 
7511 
400ll 


CO 
8 pF 
7 pF 
5 pF 
C1 
0.02 
pF 
0.012 
pF 
0.008 
pF 
0 
50k 
40 k 
30k 


COSC1 
15-30 pF 
15-30 pF 
15·40 pF 


COSC2 
15·25 pF 
15·25 pF 
15-30 pF 


38 


OSC2 


39 


OSC1 


Crystal ClfCUll 


38 
~C~ 
39 
0~f-----FC1 


• 


Unmux 
AB-A12 
Address 
Bus 


IRQor TCR7 


Mux Bo-B7 
Address/Data 
Bus 
Next Qp Code 
1st Qp Code 
Int Routine ,,----------~'-- 


Timer 


f------I-tTL 
ICounter=SOOL 
I 
_I 
,.,,,.,,,'''''"' 
Clock 
I---f-tTH 


TCRb7 


t---tIVASH---;:1-- 
n-+-=n+ 
l-+--n 
+ 2--I-=-n 
+ 3-+-=n+4---1---=n+5-+--n+6-+-=n+ 
7--! 


AS 


Unmux 
AB-A12 
Address 
Bus 
Mux Bo-B7 
Address/ Data 


Bus 


R/W WI17!I!!!I 


Unmux 
AS-A12 


Address Bus 


Mux 
SO-S7 


Address/Data 
Sus 


OSC2 * If771I711771I17!1/11!1 
••.• 
'-= III ZZWllflllTmzz!:$;J/////fl/iflIlIIIIlI/flII!/lIIfllTfffllllTflIflll 
IlflTllI/ i/flJ!IlTflTll /Ii 


~ 
~ 
** 
-~R-Q----------~----/'L_11_LA_S_H_-t-- 
l_92_0_tc_y_C_~_~~. 
_ 


SP 
SP-l 
SP-2 
SP-3 
SP-4 


PCL 
PCH 
X 
A 
cc 


.: 
Represents the internal gating of the OSCl 
input pin. 


tcyc IS one instruction cycle (for fosc=5 
MHz. 
tcyc= 
1 ~sl 


• 


•• 


VDD AND VSS 


VOO and VSS provide power to the chip. VOO provides 
power and VSS is ground. 


lRQ (MASKABLE 
INTERRUPT REQUEST) 


IRQ is both 
a level-sensitive and edge-sensitive 
input 
which can be used to request an interrupt sequence. The 
MPU completes the current instruction before it responds to 
the request. If IRQ is low and the interrupt mask bitll 
bit) in 
the condition code register is clear, the MPU begins an inter- 
rupt sequence at the end of the current instruction. 
The in- 
terrupt circuit recognizes both a "wire ORed" level as well as 
pulses on 
the IRQ line Isee Interrupt 
section 
for 
more 
details). IRQ requires an external resistor to VOO for "wire 
OR" operation . 


~ 


The RESET input is not required for start-up but can be 
used to reset the MPU internal state and provide an orderly 
software start-up procedure. Refer to the Reset section for a 
detailed description. 


TIMER 


The TIMER input IS used for clocking the on-chip timer. 
Refer to Timer section for a detailed description. 


AS (ADDRESS STROBE) 
Address strobe (AS) is an output strobe used to indicate 
the presence of an address on the 8-bit multiplexed bus. The 
AS line is used to demultiplex the eight least significant ad- 
dress bits from the data bus. A latch controlled by address 
strobe should capture addresses on the negative edge. This 
output is capable of driving one standard TTL load and 130 
pF and is available at fosc 7-5 when the MPU IS not In the 
WAIT or STOP states. 


OS (DATA STROBE) 


This output is used to transfer data to or from a peripheral 
or memory. OS occurs anytime the MPU does a data read or 
write. OS also occurs when the MPU does a data transfer to 
or from the MPU internal memory. 
Refer to Table 2 and 
Figure 4 for timing characteristics. ThiS output is capable of 
driving one standard TTL load and 130 pF. OS is a con- 
tinuous signal at fosc 7-5 when the MPU is not in the WAIT 
or STOP state. Some bus cycles are redundant reads of 
opcode bytes. 


R/W (READ/WRITE) 


The R/W output is used to indicate the direction of data 
transfer for both internal memory and I/O registers, and ex- 
ternal peripheral devices and memories. This output is used 
to indicate to a selected peripheral whether the MPU is going 
to 
read or write 
data 
on 
the 
next 
data strobe 
IR/W 
low = processor 
write; 
R/W 
high = processor 
read!. 
The 
R/W output is capable of driving one standard TTL load and 
130 pF. The normal standby state is read Ihighl. 


A8-AI2 
(HIGH ORDER ADDRESS LINES) 


The A8-A 12 output lines constitute the higher order non- 
multiplexed addresses. Each output line is capable of driving 
one standard TTL load and 130 pF. 


BD-B7 (ADDRESS/DATA 
BUS) 


The 80-87 bidirectional 
lines constitute 
the lower order 
addresses and data. These lines are multiplexed, 
with ad- 


dress present at address strobe time and data present at data 
strobe time. When in the data mode, these lines are bidirec- 
tional, transferring data to and from memory and peripheral 
devices as indicated by the R/W pin. As outputs in either the 
data or address modes, these lines are capable of driving one 
standard TTL load and 130 pF. 


OSC1,OSC2 


The MCl46805E2 provides for two types of oscillator in- 
puts - 
crystal circuit or external clock. The two oscillator 
pins are used to interface to a crystal circuit, as shown in 
Figure 5. If an external clock is used, it must be connected to 
OSC1. The input at these pins is divided by five to form the 
cycle rate seen on the AS and OS pins. The frequency range 
is specified by fosc. The OSCl to bus transitions relation- 
ships are provided 
in Figure 9 for system designs using 
oscillators slower than 5 MHz. 


CRYSTAL - 
The circuit shown in Figure 5 is recommend- 


ed when using a crystal. The internal oscillator is designed to 
interface with 
an AT-cut 
parallel resonant quartz crystal 
resonator in the frequency range specified for fosc in the 
electrical characteristics table. An external CMOS oscillator 
is recommended when crystals outside the specified ranges 
are to be used. The crystal and components 
should be 
mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. 


EXTERNAL CLOCK - 
An external clock should be ap- 


plied to the OSCl input with the OSC2 input not connected, 
as shown in Figure 10. 


LI (LOAD INSTRUCTIONI 


ThiS output is used to indicate that a fetch of the next op- 
code is in progress. LI remains low during an external or 
timer interrupt. The LI output is used only for certain debug- 
ging and test systems. For normal operations this pin is not 
connected. The LI output is capable of driving two standard 
LSTTL loads and 50 pF. This signal overlaps data strobe. 


PAD-PA7 


These eight pins constitute input/ output port A. Each line 
is individually programmed to be either an input or output 
under software 
control 
via its data direction 
register as 
shown in Figure 111b!. An I/O pin is programmed as an out- 
put when the corresponding OOR bit is set to a "1", and as 
an input when it is set to a "0". 
In the output mode the bits 
are latched and appear on the corresponding output pins. An 
MPU read of the port bits programmed as outputs reflects 
the last value written to that location. When programmed as 
an input 
the input data bills) are not latched. An MPU read 
of the port bits programmed as inputs reflects the current 
status of the corresponding input pins. The I/O port timing IS 
shown in Figure 3. See typical I/O port circuitry in Figure 11. 
During a power-on reset or external reset, all lines are con- 
figured as inputs (zero in data direction register!. The output 
port register is not initialized by reset. The TTL compatible 
thre~state 
output 
buffers are capable of driving one stan- 


dard TTL load and 50 pF. The OOR is a read/write 
register. 


No 


ConneCtion 
INCI 


The internal memory space is located within the first 128 
bytes of memory Ifirst half of page zerol and is comprised of 
the I/O port locations, 
timer locations, and 112 bytes of 
RAM. The MPU can read from or write to any of these loca- 
tions. A program write to on-chip locations is repeated on 
the external bus to permit off-chip memory to duplicate the 
content of on-chip memory. Program reads to on-chip loca- 
tions also appear on the external bus, but the MPU accepts 
data only from the addressed on-chip 
location. 
Any read 
data appearing on the input bus is ignored. 
The stack pointer is used to address data stored on the 
stack. 
Data is stored on the stack during interrupts 
and 
subroutine calls. At power-up, 
the stack pointer is set to 
SOO7Fand it is decremented as data is pushed onto the 
stack. When data is removed from 
the stack, the stack 
pointer is incremented. A maximum of 64 bytes of RAM is 
available for stack usage. Since most programs use only a 
small part of the allotted stack locations for interrupts and/or 
subroutine stacking purposes, the unused bytes are usable 
for program data storage. 
All memory locations above location SOO7Fare part of the 
external memory map. In addition, ten locations in the I/O 
portion of the lower 128bytes of memory space, as shown in 


PBD-PB7 


These eight pins interface with input/output 
port B. Refer 
to PAD-PA7 description for details of operation. 


MEMORY ADDRESSING 


The MCl46805E2 is capable of addressing 8192 bytes of 
memory and I/O registers. The address space is divided into 
internal 
memory 
space and external 
memory 
space, as 
shown in Figure 12. 


• 


FIGURE 11 - 
TYPICAL PORT 
110 CIRCUITRY 


lal 


Ibl 


Data Direction 


Register 
$0004 


Port A 
Register 
$ססoo 


Pin 
PA7 
PA6 
PA5 
PM 
PA3 
PAl 
PA1 
PAD 


Data Direction 


Register 


Port B 
Register 


R/W 
OOR 
I/O Pin Functions 


0 
0 
The 1/0 pin IS In Input 
mode. 
Data IS wntten 
Into the output data latch. 


0 
1 
Data 
IS written 
Into 
the output 
data latch and 
output to the I/O 
pIn. 


1 
0 
The state of the I/u 
pin IS read 


1 
1 
The I/O pin IS In an output 
mode. The output 


data latch 
IS read. 


Figure 12, are part of the external memory map. All of the ex- 
ternal memory space is user definable except the highest 10 
locations. Locations $1FF6 to $1FFF of the external address 
space are reserved for 
interrupt 
and reset vectors 
(see 
Figure 121. 


REGISTERS 


The MC146805E2 contains five registers as shown in the 
programming 
model in Figure 13. The interrupt 
stacking 
order is shown in Figure 14. 


ACCUMULATOR 
(AI 
This accumulator is an B-bit general purpose register used 
to hold operands and results of arithmetic calculations and 
data manipulations. 


INDEX REGISTER (X) 
The X register is an B-bit register which is used during the 
indexed modes of addressing. 
It provides an B-bit value 
which 
is used to create an effective 
address. The index 
register is also used for data manipulations with the read- 
modify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 


PROGRAM COUNTER (PCI 


The program counter is a 13-bit register that contains the 
address of 
the next 
instruction 
to 
be executed 
by the 
processor. 


o r------I-/-o-p-o-n-s------,SOOOO---O 


Timer 
RAM 
Access 
{ 
Via 
Page 0 


Direct 
Addressmg 


External 
Memory 


Space 
18064 Bytesl 


8182 
- 
- 
- 
- 
- 
- 
- 
- 
- 


{ 


2'~ 
~er~~H~O~W~t 
~at:"On~ 


Timer Interrupt 


Interrupt 
- 
- 
Ext~al~t;ru; 


Vectors 
- 
- 
- 
- 
- 
- 


SWI 
---- 
---- 


8191 
R 


S007F 


SOO8O 


\ 


SOOFF 


S0100 


Port A Data 
Register 


Port 
B Data 
Register 
S 


External Memory 
Space 


External Memory 
Space 


Port A Data Direction 
Register 


Port B Data Direction 
Register 


External Memory 
Space 


External Memory 
Space 


Timer Data Register 


Timer Control 
Register 


External Memory 
Space 


RAM 


1112 Bytesl 


/7 


,/ 
;- 


,/ 


,/ 


,/ 
/ 
,/ 


",'/ 
Stack 
164 Bytes 
Maxi 


,/ 
f 
;-'" 


SOOOO 


0001 


S0002 


S0003 


SOOO4 


S0005 


SOOO8 


S0007 


SOOO6 


50009 


SOOOA 


SlFF6-S1FF7 


1 


S1FFB-S I FF9 


I 


SI FFA-S I FFB 


I 


S1FFC-S1FFD 


I 


S1 FFE-Sl FFF 
127 


• 


• 


7 
0 


I 


A 
I 
Accumulator 


7 
0 


I 
X 
I 


Index Register 


12 
8 
7 
0 


PCH 
PCl 
Program 
Counter 


12 
6 
0 


~ 
SP 
I 
Stack Pointer 


CC!§ 


I 
N 
Z 
C 
CondlllOnCode Register 


Carryl Borrow 


Zero 


Negative 


Interrupt 
Mask 


Half Carry 


IncreaSing Memory j~ 
Addresses 
N 


, I 
1 I 
1 I 
Condition Code Register 


Accumulator 


Index Register 


010 
101 
PCH 


PCl 
!1 
T 


Unstack 


NOTE: 
Since the stack pOinter 
decrements dunng pushes, the pel IS 
stacked first. followed by PCH, etc. Pulling from the stack is in 
the reverse order 


STACK POINTER (SP) 


The stack pointer 
is a 13-bit register containing 
the ad- 
dress of the next free location on the stack. When accessing 
memory, the seven most significant 
bits are permanently set 
to o00ooo1. They are appended 
to the six least significant 
register bits to produce an address within the range of $OO7F 
to $0040. The stack area of RAM is used to store the return 
address on subroutine 
calls and the machine state during in- 
terrupts. 
DUring external or power-on 
reset, and during 
a 


"reset 
stack 
pointer" 
Instruction, 
the 
stack 
pointer 
is set to 
its upper limit {$OO7FI.Nested interrupts and/or 
subroutines 
may use up to 64 (decimall 
locations, 
beyond 
which 
the 
stack pointer "wraps 
around" 
and points to Its upper limit, 
thereby 
losing 
the 
previously 
stoled 
information. 
A 
subroutine 
call occupies two RAM bytes on the stack, while 
an interrupt 
uses five bytes. 


carry occurs between bits 3 and 4 of the ALU during an ADD 
or ADC 
instruction. 
The H bit is useful 
in binary coded 
decimal addition 
subroutines. 


INTERRUPT MASK 
BIT (I) - 
When the I bit is set, both 
the external 
interrupt 
and the timer interrupt 
are disabled. 
Clearing this bit enables the above interrupts. 
If an interrupt 
occurs while the I bit is set, the interrupt 
IS latched and will 
be processed when the I bit is next cleared. 


NEGATIVE BIT (N) - 
When set, this bit indicates that the 
result of the last anthmetic, 
logical, or data manipulation 
was 
negative (bit 7 in the result is a logical onel. 


ZERO BIT (Zl - 
When set, this bit indicates that the result 
of the last arithmetic, 
logical, or data manipulation 
was zero. 


CONDITION 
CODE REGISTER (CCI 


The condition 
code register is a 5-bit register in which each 
bit is used to indicate the fesults of the instruction 
just ex- 


ecuted. 
These bits ca" be individually 
tested by a program 
and specific action taken as a result of their state. Each of the 
five bits IS explained below. 


CARRY BIT (C) - 
The C bit is set when a carry or a bor- 


row out of the ALU occurs dUring an arithmetic 
instruction. 
The C bit is also modified 
during bit test, shift, 
rotate, and 
branch types of instruction. 


RESETS 


The MCl46805E2 has two reset modes: an active low ex- 
ternal reset pin (RESET) and a power-on reset function; 
refer 
to Figure 5. 


RESET (PIN #1) 


The RESET input pin is used to reset the MPU and provide 
an orderly software 
start-up 
procedure. When 
using the 


external reset mode, the RESETpin must stay low for a mini- 
mum of one tRL. The RESET pin is provided with a Schmitt 
trigger to improve its noise immunity capability. 


POWER-ON RESET 


The power-on reset occurs when a positive transition is 


detected on VDD. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay from the time of the first oscillator opera- 
tion. If the external reset pin js low at the end of the 1920 
tcyc time out. the processor remains in the reset condition. 


Either of the two types of reset conditions 
causes the 
following to occur: 


- 
Timer control 
register interrupt 
request bit (bit 7) is 
cleared to a "0". 


- 
Timer control register interrupt mask bit Ibit 6) is set to 
a "1". 


All data direction register bits are cleared to a "0" !in- 
puts). 


Stack pointer is set to S007F. 
The address bus is forced to the reset vector ISl FFE, 
SlFFFI. 


Condition code register interrupt mask bit 1Il is set to a 
"1". 


STOP and WAIT latches are reset. 
External interrupt latch is reset. 


All other functions, such as other registers lincluding out- 


put ports), the timer, etc., are not cleared by the reset condi- 
tions. 


INTERRUPTS 
The MCl46805E2 may be interrupted by one of three dif- 
ferent methods: either one of two maskable hardware inter- 
rupts (external input or timer) or a non-maskable software in- 
terrupt (SWII. Systems often require that normal processing 
be interrupted so that some external event may be serviced. 


Interrupts cause the processor registers to be saved on the 
stack and the interrupt mask set to prevent additional inter- 
rupts. The RTI instruction causes the register contents to be 
recovered from the stack and a return to normal processing. 
The stacking order is shown in Figure 14. 


Unlike RESET, hardware interrupts do not cause the cur- 


rent instruction 
excution to be halted, but are considered 
pending until the current instruction execution is complete. 
When the current instruction is complete, the processor 


checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 
If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external inter- 
rupt is serviced first. The SWI is executed as any other in- 
struction. Refer to Figure 15 for the interrupt and instruction 
processing sequence. 


TIMER INTERRUPT 


If the timer mask bit ITCR6! is cleared, then each time the 
timer decrements to zero Itransitions from SOl to SOO)an in- 
terrupt request is generated. The actual processor interrupt 
is generated only if the interrupt mask bit of the condition 
code register is also cleared. When the interrupt is recog- 
nized, the current state of the machine is pushed onto the 
stack and the I bit in the condition code register is set. This 
masks further interrupts until the present one is serviced. 
The processor now vectors to the timer interrupt service 
routine. The address for this service routine is specified by 
the contents of SlFFB and SlFF9 unless the processor ISin a 
WAIT mode, in which case users of mask versions BP4XX- 
XX and AW9XXXX should refer to the appendix for addi- 
tional information regarding exceptions to this function. The 
contents of Sl FF6 and Sl FF7 specify the service routine. 
Also, software must be used to clear the timer interrupt re- 
quest bit (TCR7). At the end of the timer interrupt service 
routine, the software normally executes an RTI instruction 
which restores the machine state and starts executing the in- 
terrupted program. 


EXTERNAL INTERRUPT 
If the interrupt mask bit of the condition code register is 
cleared and the external interrupt pin i1ITi is "low," 
then the 
external interrupt occurs. The action of the external interrupt 
is identical to the timer interrupt with the exception that the 
service routine address is specified by the contents of Sl FFA 
and Sl FFB. The interrupt 
logic recognizes both a "wife 
ORed" level and pulses on the external interrupt line. Figure 
16shows both a functional diagram and timing for the Inter- 
rupt line. The timing diagram shows two different treatments 
of the interrupt line IIRQ! to the processor. The first con- 
figuration shows many interrupt lines "wire ORed" to form 
the interrupts at the processor. Thus, if after servicing an in- 
terrupt 
the iRQ 
remains low, 
then the next interrupt 
is 
recognized. The second method is single pulses on the inter- 
rupt line spaced far enough apart to be serviced. Users of 
mask versions BP4XXXX and AW9XXXX should refer to the 
appendix 
regarding 
exceptions 
to 
this 
function. 
The 
minimum time between pulses is a function of the length of 
the interrupt service routine. Once a pulse ocurs, the next 
pulse should not occur until the MPU software has eXited the 
routine Ian RTI occurs!. This time (!lull is obtained by ad- 
ding 20 instruction cycles (one cycle tcyc= 5/fosc! 
to the 
total 
number of cycles it takes to complete 
the service 
routine including the RTI instruction; refer to Figure 6. 


SOFTWARE INTERRUPT (SWI) 


The software interrupt is an executable instruction. 
The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the in- 
terrupt 
mask in the condition 
code register. The service 


routine address is specified by the contents of memory loca- 
tions SlFFC and SlFFD. See Figure 15 for interrupt and in- 
struction processing flowchart. 


STOP 
The STOP instruction 
places the MCl46805E2 in a low 
power consumption mode. In the STOP function the Internal 
oscillator is turned off, causing all internal processing and 
the timer to be halted; refer to Figure 17. The DS and AS 
lines go to a low state and the R/W line goes to a high state. 


• 


II 


l-Ilin 
CCI 


07F-SP 
O-DDRs 
CLR iRQ LogiC 
FF--Tlmer 


7F-Prescaler 
7F-TCR 


Load PC 


from 
1FFE/l FFF 
Execute All 
Instruction 


Cycles 


Load PC From: 


SWI: 
1FFCI1 FFD 
ilm: 
lFFA/1FFB 
TIMER: 
lFFBI1FF9 


Timer 
Wait: 1FF6/1 FF7 


IR.01I 
_ 
• 
-} 


i1mIMPUII 
_ 


iiiQ~tlLIH 
u 


~-tILlL~1 


External 
Interrupt 
Request 


External 
Reset 


External Interrupt 
Being 
Serviced 


Wire ORed Condition 


If after 
servicing 
an interrupt 
the i"R'?i 
re- 


mains 
low, 
then 
the 
next 
interrupt 
is 
recognized. 


Pulse Condition 


The minimum 
pulse width 
1111lH) is one 
!eyc· The period tlLlL should not be less 
than the number 
of leye cycles it takes to 
execute 
the interrupt 
service 
routine 
plus 
20 !eyc cycles. 


• 


• 


The mlJltiplexed address/ data bus goes to the data input 
state (as shown in Figure 81. The high order address lines re- 
main at the address of the next instruction. 
The MPU re- 
mains in the STOP mode until an external interrupt or reset 


occurs. 


During the STO'Pmode, timer control register ITCR) bits 6 
and 7 are altered to remove any pending timer Interrupt re- 
quests and to disable any further timer interrupts. External 
interrupts are enabled in the condition 
code register. All 
other registers and memory remain unaltered. All I/O lines 
remain unchanged. 


Stop OSCIllator 
And All Clocks 
TCR Bit 7-0 
TCR Bit 6-1 
Clear I Bit 


WAIT 


The WAIT 
instruction 
places the MCl46805E2 in a low 
power consumption 
mode, but the WAIT mode consumes 
somewhat more power than the STOP mode; refer to Table 
1. In the WAIT function, the internal clock is disabled from 
all internal circuitry except the timer circuit; refer to Figure 
18. Thus, all internal processing is halted except the timer 


which is allowed to count in a normal sequence. The R/W 
line goes to a high state, the multiplexed address/data bus 
goes to the data input state, and the DS and AS lines go to 
the low state las shown in Figure 71. The high order address 
lines remain at the address of the next instruction. The MPU 
remains in this state until an external interrupt, timer inter- 
rupt, or a reset occurs. 
During the WAIT mode, the I bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their last,state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. If an external and a timer interrupt occur at the same 
time, the external interrupt is serviced first; then, if the timer 
interrupt 
request is not cleared in the external interrupt 
routine, the normal timer interrupt Inot the timer WAIT inter- 
rupti is serviced since the MPU is no longer in the WAIT 
mode. 
TIMER 


The MPU timer contains a single 8-bit software program- 


mable counter 
Itimer 
data register! with 
7-bit 
software 
selectable prescaler. Figure 19 shows a block diagram of the 
timer. The counter may be preset under program control and 
decrements towards zero. When the counter decrements to 
zero, the timer interrupt request bit, i.e., bit 7 of the timer 
control register ITCR), is set. Then if the timer interrupt IS 
not masked, i.e., bit 6 of the TCR and the I bit in the condi- 
tion code register are both cleared, the processor receives an 
interrupt. 
After completion 
of the current instruction, 
the 
processor proceeds to store the appropriate registers on the 
stack, and then fetches the timer interrupt vector from loca- 
tions $1FF8 and $1FF9 in order to begin servicing the inter- 
rupt. If the MPU is interrupted 
by the timer while in the 
WAIT mode, the interrupt vector fetch would be from loca- 
tions $1FF6 and $lFF7. 


The counter 
continues 
to count 
after it reaches zero, 
allOWingthe software to determine the number of internal or 
external input clocks since the timer interrupt request bit was 
set. The counter may be read at any time by the processor 
without 
disturbing the count. The content of the counter 
becomes stable prior to the read portion of a cycle and does 
not change during the read. The timer interrupt request bit 
remains set until cleared by the software. If a read occurs 
before the timer interrupt is serviced, the interrupt is lost. 
TCR7 may also be used as a scanned status bit in a non- 
interrupt mode of operation ITCR6= 11. 


The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which is used as the counter input. The processor 
cannot write into or read from the prescaler; however, ItS 
contents are cleared to all "Os" by the write operation into 
TCR when bit 3 of the written data equals 1, which allows for 


truncation-free 
counting. 


The timer input can be configured 
for three different 
operating modes, plus a disable mode, depending on the 
value written to the TCR4, TCR5 control bits. Refer to the 
Timer Control Register section. 


TIMER INPUT MODE 1 


If TCR4 and TCR5 are both programmed to a "0", 
the in- 
put to the timer is from an internal clock and the external 
TIMER input is disabled. The internal clock mode can be 


Oscillator Active 
Clear I Bit 
Timer Clock Active 
All OtherClocks 
Stop 


used for periodic interrupt generation, as well as a reference 
in frequency and event measurement. The internal clock is 
the instruction 
cycle clock and is coincident with address 
strobe (AS) except during a WAIT 
instruction. 
During a 
WAIT instruction the AS pin goes to a low state but the in- 


ternal 
clock 
to the 
timer 
continues 
to run at its normal 
rate. 


count in this mode is ± 1 clock and therefore accuracy im- 
proves with longer input pulse widths. 


TIMER INPUT MODE 3 
If TCR4=O and TCR5= 1, then all inputs to the timer are 
disabled. 


TIMER INPUT MODE 2 
With TCR4= 1 and TCR5=O, the internal clock and the 
TIMER input pin are ANDed to form the timer input signal. 
This mode can be used to measure external pulse widths. 
The external timer input pulse simply turns on the internal 
clock for the duration of the pulse. The resolution of the 


TIMER INPUT MODE 4 
If TCR4= 1 and TCR5= 1, the internal clock input to the 
timer is disabled and the TIMER input pin becomes the input 
to the timer. The external TIMER pin can, in this mode, be 
used to count external events as well as external frequencies 
for generating periodic interrupts. 
Figure 1-9shows a block diagram of the timer subsystem. 


• 


• 


Clearedby 


TCR3 
'--------v 


Software 
Functions 


NOTES: 


1. Prescaler and timer data register are clocked on the falling edge of the internal clock (AS) 
or external input. 


2. Timer data register is written 
to during data strobe (DS) and counts down continuously. 


TCR7 - 
Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic" 1". 


1 - 
Set whenever the counter decrements to zero, or un- 
der program control. 


o - 
Cleared on external reset, power-on reset, STOP in- 
struction, or program control. 


TCR6 - 
Timer interrupt mask bit: when this bit is a logic 
"1" 
it inhibits the timer interrupt to the processor. 


1 - 
Set on external reset, power-on reset, STOP instruc- 
tion, or program control. 


o - 
Cleared under program control. 


TCR5 - 
External or internal bit: selects the input clock 
source to be either the external TIMER pin or the internal 
clock (unaffected by RESET). 


1 - 
Select external clock source. 
o - 
Select internal clock source (AS). 


TCR4 - 
External enable bit: control bit used to enable the 
external TIMER pin (unaffected by RESET). 


1 - 
Enable external TIMER pin. 
o - 
Disable external TIMER pin. 


TCR5 
TCR4l;l 


0 
o 
1 


1 
0 


1 
1 


Internal clock (AS) to timer 
AND of internal clock (AS) and TIMER 
pin to timer 


Inputs to timer disabled 
TIMER pin to timer 


TCR3 - 
Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero. A read of this location always 
indicates a "0" 
(unaffected by RESETI. 


TCR2, TCR1, TCRO - 
Prescaler address bits: decoded to 
select one of eight outputs of the prescaler (unaffected by 
RESET). 


TCR2 
TCR1 
TCRO 
Result 


0 
0 
0 
+1 


0 
0 
1 
+2 


0 
1 
0 
+4 


0 
1 
1 
+8 


1 
0 
0 
+ 16 


1 
0 
1 
+32 


1 
1 
0 
+64 


1 
1 
1 
+ 128 


INSTRUCTION SET 


The MPU has a set of 61 basic instructions. 
They can be 
divided 
into 
five different 
types: 
register/memory, 
read- 
modify-write, 
branch, bit manipulation, 
and control. 
The 
following 
paragraphs briefly explain each type. All the in- 
structions 
within 
a given type are presented in individual 
tables. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of 
these 
instructions 
use 
two 
operands. 
One 
operand is either the accumulator 
or the index register. The 
other operand is obtained from memory using one of the ad- 
dressing modes. The jump unconditional 
IJMP) and jump to 
subroutine 
IJSR) 
instructions 
have no 
register 
operand. 


Refer to Table 4. 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These instructions 
read a memory location 
or a register, 
modify 
or test its contents, 
and write 
the modified 
value 


back to memory or to the register. The test for negative or 
zero (TST) instruction 
is an exception 
to the read-modify- 
write sequence since it does not modify the value. Refer to 
Table 5. 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches if a particular condition 
is 
met, otherwise 
no operation 
is performed. 
Branch instruc- 
tions are two byte instructions. 
Refer to Table 6. 


BIT MANIPULATION 
INSTRUCTIONS 


The MPU is capable of setting 
or clearing any bit which 
resides in the first 256 bytes of the memory space, where all 
port registers, port DDRs, timer, timer control, 
and on-chip 
RAM 
reside. An additional 
feature 
allows the software 
to 
test and branch on the state of any bit within 
these 256 loca- 
tions. The bit set, bit clear and bit test, and branch functions 
are all implemented with a single instruction. 
For the test and 
branch instructions, 
the value of the bit tested is also placed 
in the carry bit of the condition 
code register. Refer to Table 
7. 


CONTROL INSTRUCTIONS 


These instructions 
are register reference instructions 
and 
are used to control 
processor operation during program ex- 
ecution. 
Refer to Table 8. 


ALPHABETICAL 
LISTING 


The complete instruction 
set is given in alphabetical order 
in Table 9. 


OPCODE MAP SUMMARY 


Table 10 is an opcode map for the instructions 
used on the 
MCU. 


ADDRESSING MODES 


The MPU uses ten different 
addressing modes to provide 
the programmer with an opportunity 
to optimize the code to 
all situations. 
The various indexed addressing modes make it 
possible to locate data tables, code conversion 
tables, and 


scaling tables anywhere in the memory space. Short indexed 
accesses are single byte instructions, 
while the longest in- 
structions 
(three bytes) permit accessing tables throughout 
memory. 
Short and long absolute addressing is also includ- 
ed. Two byte direct addressing 
instructions 
access all data 
bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump instructions 
to reach all memory. 
Table 9 shows the 
addressing modes for each instruction, 
with the effects each 


instruction 
has on the condition 
code register. An opcode 


map is shown in Table 10. 


The term "effective 
address" 
or EA is used in describing 
the various addressing modes, and is defined as the address 
to or from which the argument 
for an instruction 
is fetched 


or stored. 
The ten addressing 
modes of the processor 
are 
described below. Parentheses are used to indicate "contents 
of," 
an arrow indicates "is replaced by," 
and a colon indi- 
cates concatenation 
of two bytes. 


INHERENT 
In inherent instructions 
all the information 
necessary to ex- 
ecute the instruction 
is contained 
in the opcode. Operations 
specifying 
only the index register or accumulator, 
and no 
other arguments, 
are included in this mode. 


IMMEDIATE 
In immediate addressing, 
the operand is contained 
in the 
byte immediatley 
following 
the opcode. 
Immediate address- 
ing is used to access constants which do not change during 
program execution 
(e.g., a constant 
used to initialize a loop 
counter!. 


DIRECT 
In the direct addressing mode, the effective address of the 


argument 
is contained 
in a single byte following 
the opcode 
byte. 
Direct addressing allows the user to directly 
address 
the lowest 256 bytes in memory with a single two byte in- 
struction. 
This includes all on-chip 
RAM and I/O registers 
and up to 128 bytes of off-chip 
ROM. Direct addressing is ef- 
ficient in both memory and speed. 


EA=IPC 
+ 
11; PC~PC 
+ 2 
Address Bus High~O; 
Address Bus Low-IPC+ 
11 


EXTENDED 
In the extended addressing mode, the effective address of 


the argument is contained in the two bytes following 
the op- 
code. 
Instructions 
with 
extended 
addressing 
modes 
are 
capable of referencing arguments anywhere in memory with 
a single three byte instruction. 
When 
using the Motorola 
assembler, the user need not specify whether 
an instruction 
uses 
direct 
or 
extended 
addressing. 
The 
assembler 
automatically 
selects the most efficient 
addressing mode. 


EA=IPC+l):IPC+2); 
PC-PC+3 
Address Bus High-IPC 
+ 11; Address Bus Low-IPC 
+ 2) 


INDEXED, NO OFFSET 


In the indexed, no offset addressing 
mode, the effective 
address 
of 
the argument 
is contained 
in the 8-bit 
index 
register. Thus, this addressing mode can access the first 256 
memory 
locations. 
These 
instructions 
are only 
one 
byte 
long. This mode is used to move a pointer through a table or 
to address a frequently 
referenced RAM or I/O location. 


EA=X; 
PC~PC+l 


Address Bus High~O, 
Address Bus Low-X 


INDEXED, B-BIT OFFSET 


Here the EA is obtained by adding the contents of the byte 
following 
the opcode to that of the index register; therefore, 
the 
operand 
is located 
anywhere 
within 
the 
lowest 
511 
memory locations. 
For example, this mode of addressing is 
useful for selecting the m-th element in an n element table. 
All instructions 
are two 
bytes. 
The contents 
of the index 


register IXI is not changed. 
The contents 
of (PC + 11 is an 


unsigned 
8-bit 
integer. 
One byte 
offset 
indexing 
permits 


look-up tables to be easily accessed in either RAM or ROM. 


EA=X+IPC+ll; 
PC-PC+2 
Address Bus High-K; 
Address Bus Low~X+(PC+l) 
where: K = The carry from the addition 
of X + IPC + 1) 


• 


• 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode the effective 
address is the sum of the contents of the unsiged 8-bit index 
register and the two unsigned bytes following 
the opcode. 


This addressing mode can be used in a manner similar to in- 
dexed 8-bit 
offset, 
except 
that 
this three byte instruction 
allows tables to be anywhere in memory le.g., jump tables in 
ROMI. 
As with 
direct and extended, 
the M6805 assembler 
determines the most efficient 
form of indexed offset 
- 
8 or 


16 bit. The content 
of the index register is not changed. 


EA=X+[IPC+1I:(PC+2)]; 
PC-PC+3 
Address Bus High-IPC+ 
11+ K 
Address 8us Low-K+IPC+2) 
where: K = The carry from the addition 
of X + IPC + 21 


RELATIVE 


Relative addressing is used only in branch instructions. 
In 
relative 
addressing 
the 
content 
of 
the 8-bit 
signed 
byte 
following 
the opcode lthe offset) is added to the PC if and 
only if the branch condition 
is true. Otherwise, 
control pro- 
ceeds to the next instruction. 
The span of relative addressing 
is limited 
to the range of 
- 126 to 
+ 129 bytes from 
the 
branch instruction 
opcode location. The Motorola assembler 
calculates the proper offset and checks to see if it is within 
the span of the branch. 


EA= PC + 2+ IPC + 1); PC-EA 
if branch is taken; 
otherwise, 
PC-PC 
+ 2 


BIT SET/CLEAR 


Direct addressing and bit addressing are combined 
in in- 


structions 
which 
set and clear individual 
memory and I/O 
bits. In the bit set and clear instructions, 
the byte is specified 
as a direct address in the location following 
the opcode. The 
first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified with three bits of the 


opcode. The bit set and clear instructions 
occupy two bytes, 


one for the opcode 
lincluding 
the bit numberl 
and the sec- 


ond to address the byte which 
contains the bit of interest. 


EA=IPC+1I; 
PC-PC+2 
Address 8us High-a; 
Address Bus Low-IPC+ 
11 


BIT TEST AND BRANCH 


Bit test and branch is a combination 
of direct addressing, 
bit addressing, 
and relative addressing. The bit address and 
condition 
lset or clear) to be tested are part of the opcode. 


The address of the byte to be tested is in the single byte im- 
mediately 
following 
the 
opcode 
byte 
lEAl). 
The signed 
relative 8-bit offset is in the third byte IEA2) and is added to 
,he PC if the specified 
bit is set or clear in the specified 
memory 
location. 
This single three byte instruction 
allows 
the program to branch based on the condition 
of any bit in 
the first 256 locations of memory. 


EA1=(PC+11 


,IIjdress 
Bus High-a; 
Address Bus Low-IPC+ 
1) 


EA2=PC+3+IPC+21; 
PC-EA2 
if branch taken; 
otherwise, 
PC-PC+3 


SYSTEM CONFIGURATION 


Figures 2a through 
25 show 
in general terms 
how 
the 
MCl46805E2 
bus structure 
may be utilized. 
Specified 
inter- 
face details vary with 
the various 
peripheral 
and memory 
devices employed. 


Table 11 provides a detailed description 
of the information 
present on the bus, read/write 
IR/W) 
pin and the load in- 


struction 
Ill) 
pin during each cycle for each instruction. 


This information 
is useful 
in comparing 
actual 
with 
ex- 


pected results during debug of both software 
and hardware 
as the 
control 
program 
is executed. 
The 
information 
is 
categorized 
in groups 
according 
to addressing 
mode and 
number of cycles per instruction. 


Addr •••• ng Mod •• 


Immediate 
Direct 
Ext.nded 
Ind.xed 
Ind.xed 
Ind.xed 
(No Offset! 
I8-Bit 
Offsetl 
(16-Bit 
Offset) 


Op 
I 
I 
Op 
I 
I 
Op 
I 
I 
Op 
I 
I 
Op 
I 
I 
Op 
I 
I 


Function 
Mnemontc 
Code 
Byt •• 
Cyel •• 
Cod. 
Byt•• 
Cyel •• 
Cod. 
Bytes 
Cyel •• 
Cod. 
Bytes 
Cyel •• 
Cod. 
Bytes 
Cycles 
Cod. 
Bytes 
Cyeloa 


Load A from Memory 
LDA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
D6 
3 
5 


Load X from Memory 
LDX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
DE 
3 
5 


Store A in Memory 
STA 
- 
- 
- 
B7 
2 
4 
C7 
3 
5 
F7 
1 
4 
E7 
2 
5 
D7 
3 
6 


Store X in Memory 
STX 
- 
- 
- 
BF 
2 
4 
CF 
3 
5 
FF 
1 
4 
EF 
2 
5 
DF 
3 
6 


Add 
Memory 
to A 
ADD 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
DB 
3 
5 
Add 
Memory 
and 
ADC 
D9 
3 
5 
Carry to A 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
3 
E9 
2 
4 


Subtract Memory 
SUB 
AO 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 


Subtract Memory from 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
D2 
3 
5 
A with 
Borrow 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
D4 
3 
5 


OR Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
DA 
3 
5 


Exclusive 
OR 
Memory 
EOR 
A8 
2 
2 
B8 
2 
3 
C8 
3 
4 
F8 
1 
3 
E8 
2 
4 
D8 
3 
5 
with A 


Arithmetic 
Compare 
A 
CMP 
A1 
2 
2 
B1 
2 
3 
C1 
3 
4 
F1 
1 
3 
E1 
2 
4 
D1 
3 
5 
with Memory 


Arithmetic 
Compare X 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
D3 
3 
5 
with Memorv 


Bit Test Memory with 
BIT 
A5 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
D5 
3 
5 
A I LOQical Compare) 


Jump Unconditional 
JMP 
- 
- 
- 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
DC 
3 
4 


Jump to Subroutine 
JSR 
- 
- 
- 
BD 
2 
5 
CD 
3 
6 
FD 
1 
5 
ED 
2 
6 
DD 
3 
7 


Addressing 
Mod •• 


Inher.nt 
IAI 
Inher.nt 
IX) 
Direct 
Ind.x.d 
Indexed 
(No Offset) 
(8-Bit 
Offset! 


Op 
I 
I 
Op 
I 
I 
Op 
I 
I 
Op 
I 
I 
Op 
I 
I 


Function 
Mnemonic 
Code 
Bytes 
Cycl •• 
Code 
Bytes 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Byte. 
Cycl •• 
Code 
Bytes 
Cycle. 


Increment 
INC 
4C 
1 
3 
5C 
1 
3 
3C 
2 
5 
7C 
1 
5 
6C 
2 
6 


Decrement 
DEC 
4A 
1 
3 
5A 
1 
3 
3A 
2 
5 
7A 
1 
5 
6A 
2 
6 


Clear 
CLR 
4F 
1 
3 
5F 
1 
3 
3F 
2 
5 
7F 
1 
5 
6F 
2 
6 


Complement 
COM 
43 
1 
3 
53 
1 
3 
33 
2 
5 
73 
1 
5 
63 
2 
6 


Negate 
NEG 
40 
1 
3 
50 
1 
3 
30 
2 
5 
70 
1 
5 
60 
2 
6 
12'. Complement) 


Rotate 
Left Thru 
Carry 
ROL 
49 
1 
3 
59 
1 
3 
39 
2 
5 
79 
1 
5 
69 
2 
6 


Rotate 
Right Thru 
ROR 
46 
1 
3 
56 
1 
3 
36 
2 
5 
76 
1 
5 
66 
2 
6 
Carry 


Logical 
Shift 
Left 
LSL 
48 
1 
3 
58 
1 
3 
36 
2 
5 
78 
, 
5 
68 
2 
6 


Logical 
Shift 
Right 
LSR 
44 
1 
3 
54 
1 
3 
34 
2 
5 
74 
1 
5 
64 
2 
6 


Arithmetic 
Shift 
Right 
ASR 
47 
1 
3 
57 
1 
3 
37 
2 
5 
77 
1 
5 
67 
2 
6 


Te.t 
for Negative 
TST 
4D 
1 
3 
5D 
1 
3 
3D 
2 
4 
7D 
1 
4 
6D 
2 
5 
or Zero 
• 


• 


Relative Addressing Mode 


Function 
Mnemonic 
Op 
I 
I 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
3 


Branch Never 
BRN 
21 
2 
3 


Branch 
IFF Higher 
BHI 
22 
2 
3 


Branch IFF Lower or Same 
BlS 
23 
2 
3 


Branch IFF Carry Clear 
BCC 
24 
2 
3 


(Branch 
IFF Higher or Same) 
(BHSI 
24 
2 
3 


Branch 
IFF Carry 
Set 
BCS 
25 
2 
3 


(Branch 
IFF lowerl 
IBlOI 
25 
2 
3 


Branch 
IFF Not Equal 
BNE 
26 
2 
3 


Branch 
IFF Equal 
BEG 
27 
2 
3 


Branch 
IFF Half Carry Clear 
BHCC 
2B 
2 
3 


Branch 
IFF Half Carry Set 
BHCS 
29 
2 
3 


Branch 
IFF Plus 
BPl 
2A 
2 
3 


Branch IFF Minus 
BMI 
2B 
2 
3 


Branch IFF Interrupt 
Mask 
BIt IS Clear 
BMC 
2C 
2 
3 


Branch IFF Interrupt 
Mask Bit is Set 
BMS 
20 
2 
3 


Branch IFF Interrupt 
line 
IS Low 
Bil 
2E 
2 
3 


Branch IFF Interrupt 
Line 1$ HIgh 
BIH 
2F 
2 
3 


Branch to Subroutine 
BSR 
AD 
2 
6 


Addressing Modes 


Bit Set! Clear 
Bit Test and ·Branch 


function 
Mnemonic 
Op 
I 
I 
Op 
I 
I 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IFF Bit n 15 Set 
BRSET n In=O 
71 
- 
- 
- 
20n 
3 
5 


Branch IFF Bit n IS Clear 
BRClR 
n In=O 
..71 
- 
- 
- 
01 + 2-" 
3 
5 


Set 
Bit n 
BSET n (n=O. 
71 
10 + 2-" 
2 
5 
- 
- 
- 


Clear Bit n 
BClR 
n In~O 
71 
11 + 2-" 
2 
5 
- 
- 
- 


Inherent 


Function 
Mnemonic 
Op 
I 
I 


Code 
Bytes 
Cycles 


Transler A to X 
TAX 
97 
1 
2 


Transfer X to A 
TXA 
9F 
1 
2 


Set Carry Bn 
SEC 
99 
1 
2 


Clear Carry Bit 
ClC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
B3 
1 
10 


Return from Subroutine 
RTS 
81 
1 
6 


Return from Interrupt 
RTI 
SO 
1 
9 


Reset Stack POinter 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
1 
2 


Stop 
STOP 
8E 
1 
2 


Walt 
WAIT 
8F 
1 
2 


Addressing 
Modes 
Condition 
Codes 


Indexed 
Indexed 
Indexed 
Bit 
Bit 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
(No Offsetl 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 
Cle.r 
Branch 


ADC 
X 
X 
X 
X 
X 
X 
" 
" " " 
ADD 
X 
x 
x 
X 
X 


AND 
X 
X 
X 
X 
X 
X 
" " • 


ASl 
X 
X 
X 
X 
" " " 
ASA 
X 
X 
X 
X 
" " " 
BCC 
X 
• • 


BClA 
X 
• • 


BCS 
X 
• • 


BEG 
X 
• • 


BHCC 
X 
• • 


BHCS 
X 
• • 


BHI 
X 
• • 


BHS 
X 
• • 


BIH 
X 
• • 


Bil 
X 
• • 


BIT 
X 
X 
X 
X 
X 
X 
" " 
BlO 
X 


BlS 
X 


BMC 
X 


BMI 
X 


BMS 
X 


BNE 
X 
• 


BPl 
X 


BAA 
X 


BAN 
X 


BAClA 
X 


BASET 
X 
" 
BSET 
X 
• 


BSA 
X 
• 


ClC 
X 
0 


CLI 
X 
0 
• 


ClA 
X 
X 
X 
X 
• 0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• " " " 
COM 
X 
X 
X 
X 
• " " 


1 


CPX 
X 
X 
X 
X 
X 
X 
• " " " 
DEC 
X 
X 
X 
X 
• " " • 


EOA 
X 
X 
X 
X 
X 
X 
• " " • 


INC 
X 
X 
X 
X 
• " " • 


JMP 
X 
X 
X 
X 
X 
• • • • 


JSA 
X 
X 
X 
X 
X 
• • • • 


LOA 
X 
X 
X 
X 
X 
X 
• " " • 
lOX 
X 
X 
X 
X 
X 
X 
• " " .- 


lSl 
X 
X 
X 
X 
• " " " 
lSA 
X 
X 
X 
X 
• 0 " " 
NEG 
X 
X 
X 
X 
• 
• 
A 
A 
,.- 


NOP 
X 
• • • • 


OAA 
X 
X 
X 
X 
X 
X 
• " " • 


AOl 
X 
X 
X 
X 


ADA 
X 
X 
X 
X 
• " " " 
ASP 
X 
• • • • 


ATt 
X 
? 
? 


ATS 
X 
• • • • 


SBC 
X 
X 
X 
X 
X 
X 
• " " " 
SEC 
X 
• • • 
1 


SEI 
X 
1 • • • 


STA 
X 
X 
X 
X 
X 
• " " • 


STOP 
X 
0 • • • 


STX 
X 
X 
X 
X 
X 
• " " • 


SUB 
X 
X 
X 
X 
X 
X 
• " " " 
SWI 
X 
1 • • • 


TAX 
X 
• 


TST 
X 
X 
X 
X 
• 
A " • 


TXA 
X 
• • • • 


WAIT 
X 
0 • • • 


Condition 
Code 
Symbols 


H 
Half 
Carry 
I From 
Bit 3) 


I 
Interrupt 
Mask 


N 
Negative 
(Sign 
Blt1 


Z 
Zero 
C 
Carry/Borrow 


A 
Test 
and 
Set 
If True. 
Cleared 
Otherwise 


• 
Not 
Affected 


7 
Load 
CC Register 
From 
Stack 
o 
Cleared 


1 
Set 


II 


• 


Bit M, niouletion 
Srench 
oed- 
odify-Wdte 
Control 
Roo"_1 
Memorv 
T 
H 
IX 
1 


~; 
~ 
rtio 
rl,1 
0'':., 
01~1 
o~o 
O'~l 
8 
9 
A 
1:" 
,:00 
lW' 
11~O 
,f" 
H~ 
'ow 
000' 
'000 
'00' 
1010 
5 
5 
J 
5 
J 
J 
6 
5 
9 
, 


" 
SUBo,: 
4 
I, 
SUB,,: 
SUB,,: 
~ 
BASEJP. 
BSE1~r 
BRA 
RFI 
NEG 
01R 
NE~N" 
NEG 
NEG 
1X1 
NEG 
1)( 
ATI,N" 
SU?, •• , 
SU~., 
, 
SUB" 
~ 
1 
IN" 
1 
1 
5 
5 
J 
6 
, 
J 
4 
5 
4 
J 


cxi" 
BAClRrO 
A 
BCL~~r 
I, 
BAN." 
ATS 
CMP 
CMP 
CMP 
I, 
CMP,X? 
CMP 
CMP 
, 


IN" 
IMM , 
OIR 
EXT 
IX' 
I 
IX 
000' 


BSE1~: 


J 


SBC 
' 
, 
SBCn,: 
4 
SBC 
' 
SBC 
4 
~, 
BASET,'. 
I, 
BHI,,, 
SBC 
SBC 
2 


IMM 
EXT 


" 
" 
'X, 
1 
'X 
00' 


5 
J 
5 
J 
J 
6 
5 
10 
, 
CPX 
J 


4 
CPX 
4 
rJ., 
BACLAT'. 
BCL~~r 
I, BLS." 
COMn,. 
COMA 
COMX 
COM 
COM 
SWI 
CPX 
CPX 
, 
CPX,., 
CPX 
J" 
1 
IN" 
1 
, " 


" 
1 
IX 
1 
'N" 
'MM , 
'D'. 
EXT 
'X, 
1 
IX 
5 
J 
5 
J 
J 
6 
5 
AND' 
, 
ANOn,: 
4 


nl~ 
BASET1, 
BSE1~r 
BCC,,, 
lS~TR 
1 lSR~", •.• 
LSAX 
lSR 


,W1 
LSA 
AN~XT 
, 
AND 
AND 
AND IX 
0:00 
1 
IN" 
1 
IX 
'MM 
'X 
'XI 
I 


5 
, 


, 
BIT n,: 


4 
4 


, 
BIT 
,: 
0,5, 
BACLA1. 
BCL~~r 
I, 
BCS." 
BI~MM 
BIT 
FXT 
1 
BIT 'x, 
BIT 
IV' 
n,~, 


BASETi: 
5 
J 
5 
J 
J 
6 
5 
, 
J 
4 
4 
J 


n~ 
BSE1t 
BNE,,, 
ROR 
nlR 
1 ROR~ 
•• 
RORX 
ADA 
" 
ROR 
LOA 
2 
LDAnlR 
LOA 
, 
LOA 
LOA 
LOA 


nl~n 
, " 
, 1 
I 
'X 
IMM 
EXT 
'X 
'X, , 
'x 


BRCL:?: 
5 
J 
5 
J 
J 
6 
5 
, 


0,1'1 
BCL~ir 
I, 
BED,,, 
, 
ASR 


01R 
ASRA 
ASRX 
ASR 
ASR 
TAX 
, 
STAnIR 
ST~XT 
1 
STA 
STA 
STA 
0,711 
I 
'N" 
1 
'N" 
'XI 
I 
'X 
1 
IN" 
IX 
'X, , 
IX 
.' 
5 
J 
5 
J 
6 


LSL 
' 
, 
4 
4 
EOR 
J 
,~ 
BRSEJ:, 
BSE1~r 
BHC~" 
, 
L5LniR 
1 LSL~"'H 
lSLX 
LSL 
CLC,N" 
EO~MM 
, 
EORDIR 


EOR 


EXT 
J 
EOA 
EOA 
.~. 
I 
'N" 
, I 
1 
'X 
'X 
'XI 
1 
'X 
5 
5 
J 
5 
J 
J 
6 
5 
, 
, 
4 
4 
ADC 
' 
9 
JBRCL::, 
BCL~~r 
BHC;" 
, 
ROln1R 
AOL~NH 
AOLX 
ROL 
ROL 
SEC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 


'00' 
1 
, 
'N" 
,X, 
1 
,X 
I 
IN" 
'MM , 
OIR 
J 
EXT 
J 
'X, , 
IX' . 
'X 
1001 
.' 
5 
J 
5 
J 
J 
6 
5 


OAA 
' 
1:'0 
BRSE:;;, 
BSE1~r 
BPL,,, 
, 
DECnIR 


DECA 
DECX 
DEC 
DEC 
CLI 
ORA 
ORA 
ORA 
ORA 
OAA 
A 


1 
'N" 
I 
'N" , 
IX1 
1 
IX 
I 
IN" , 
'MM , 
OIA 
J 
EXT 
J 
'X , 
'XI 
1 
'X 
1010 
5 
5 
J 
ADD 
J 
B 
BRCL:;;, 
BCL~~r 
BM~", 
SEt 
ADD 
, 
ADDDIR 
ADD 
ADD 
ADD 
B 


.11 
I 
IN" 
IMM 
EXT 
J 
'X , 
IXI 
• 
'X 
1011 


BRSEJ~: 
BSE1~: 
5 
J 
J 
6 
5 
JMP 
, 
1fm 
BM~FI 
, 
INe 
nlR 
INCA 
INCX 
, 
INC 
INC 
RSP 
1NH 
2 
JMPnlR 
JMP 
JMP 
JMP 
C 


1 
'N" 
1 
'N" 
IX1 
1 
IX 
, 
EXT 
J 
,X> , 
'X, , 
'X 
1100 


BRCL:~: 
BCL~~: 


4 
4 


JSA 
' 
0 
BM~El 
, 
TSTDIR 
1 TST~NH 
TSTX 
, 
TST 
TST 
NOP 
BSR 
JSR 
JSR 
JSA 
JSR 
0 


II' 
, 
'N" 
IXI 
1 
'X 
, 
IN" 
, 
L , 
OIR 
J 
EXT 
J 
IX 
IX' , 
'X 
1101 
5 
5 
J 
STOP' 
LOX 
J 
E 
BRSEJI. 
BSE1~r 
BIL 


RFI 
LOX 
LOX 
LOX 
J 
LOX 
LOX 
E 
111 
I 
IN" 
IMM , 
01' 
EXT 
IX 
'X, , 
'X 
1110 


BRCLR7' 
BCLR7 
5 
5 
J 
6 


CLR 
' 
WAIT' 
F 
BtH 
CLR 
CLAA 
CLRX 
CLR 
TXA 
STX 
STX 
STX 
STX 
STX 
F 


1111 
J 
8T8 , 
85e , 
AE' , 
OIR 
1 
'N" 
I 
IN" , 
IX1 
1 
IX 
1 
'N" 
1 
'N" 
, 
OIR 
J 
EXT 
J 
IX' , 
'X, , 
'X 
1111 


Inherent 
Accumulator 


Index 
Register 
Immediate 
Direct 
Extended 


Aelatlve 
Bit Set I Clear 
Bit Test and Branch 
Indexed 
(No Offsetl 
Indexed, 
1 Byte IB·Bitl 
Offset 
Indexed,2 
Byte 116-Bitl Offset 


A8-A12 


MCl46805E2 
CMOS 


MIcroprocessor 


80-87 


TYPical CMOS 
Peripheral 
IMCl46818 
etc I 


Address 
Strebe 


Data Strobe 


Read/Write 


AS 


DS 


R/W 


IRa 


CKOUT 
IMCl468181 


RESET 


CMOS 


MultIplexed 
Memory 
IMCM655161 


AS 


DS 


R/W 


Data 
Strobe 


Read/Write 


• 


DS 


R/IN 


IRO 


RESET 


Data Strobe 


Read/Write 
R/IN 


IRO 


RESET 


NOTE' 
In some cases, pullup resistors or other level 


shifting techniques 
may be required on signals 


gOIng from 
NMOS 
to CMOS 
parts. 


80-87 
Address/Data 
Bus 
Data 
00-07 


MCl46805E2 
CMOS 
Non-Muxed 


AO-A7 
Memory 


A8-A12 


Output 


R/IN 
Enable 
S 


DS 


Chip 


AS 
Enable 


MC146805E2 
CMOS 


Microprocessor 


80-87 


CMOS 


Static 
RAMs 


• 


CMOS 


AD-A? 
Non-Muxed 
RAM 


• 


Address 
Mode 
I 
Cycles 
Cycle # 
Address 
Bus 
RIW 
LI 
Dete Bus 
Instructions 
Pin 
Pin 


Inherent 


LSR LSL 
ASR 
NEG 
1 
Op Code Address 
1 
1 
Op Code 
CLR ROL 
3 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next Instruction 
COM 
ROR 
3 
Op Code Address 
+ 1 
1 
0 
Op Code Next Instruction 
DEC INC TST 


TAX 
CLC SEC 
1 
Op Code Address 
, 
1 
Op Code 
STOP CLI SEI 
2 
RSP WAIT 
NOP TXA 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next Instruction 


1 
Op Code Address 
1 
1 
Op Code 
2 
Op Code Address 
+' 
, 
0 
Op Code Next Instruction 


RTS 
6 
3 
Stack Pointer 
1 
0 
Irrelevant Data 
4 
Stack Pointer + 1 
1 
0 
Irrelevant Data 
5 
I Stack Pointer + 2 
1 
0 
Irrelevant Data 
6 
New Op Code Address 
, 
0 
New Op Code 


1 
Op Code Address 
1 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next Instruction 
3 
Stack Pointer 
0 
0 
Return 
Address 
(LO Byte) 
4 
Stack Pointer 
- 
1 
0 
0 
Return 
Address 
(HI Byte) 


SWI 
10 
5 
Stack Pointer 
- 2 
0 
0 
Contents of Index Register 
6 
Stack POinter - 3 
0 
0 
Contents of Accumulator 
7 
Stack Pointer 
- 4 
0 
0 
Contents of CC Register 
8 
Vector 
Address 
1FFC (Hexi 
, 
0 
Address 
of Int. 
Routine 
(HI Byte) 
9 
Vector 
Address 
1FFD (Hex) 
1 
0 
Address 
of Int. 
Routine 
(LO Byte 
10 
Interrupt 
Routine Starting Address 
1 
0 
Interrupt 
Routine First Opcode 


1 
Op Code Address 
, 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next Instruction 
3 
Stack Pointer 
1 
0 
Irrelevant Data 
4 
Stack POinter +' 
1 
0 
Irrelevant Data 
RTI 
9 
5 
Stack Pointer + 2 
1 
0 
Irrelevant Data 
6 
Stack Pointer + 3 
1 
0 
Irrelevant Data 
7 
Stack POinter + 4 
1 
0 
Irrelevant Data 
8 
Stack POinter + 5 
1 
0 
Irrelevant Data 
9. 
New Op Code Address 
1 
0 
New Op Code 


Immediate 


ADC 
EOR CPX 
ADD 
LOA LDX 
2 
1 
Op Code Address 
1 
1 
Op Code 
AND 
ORA 
BIT 
2 
Op Code Address 
+ 1 
1 
0 
Operand 
Data 
SBC CMP 
SUB 


Bit Setl Clear 


1 
Op Code Address 
1 
1 
Op Code 


BSET n 
2 
Op Code Address 
+ 1 
1 
0 
Address 
of Operand 


BCLR n 
5 
3 
Address 
of Operand 
1 
0 
Operand 
Data 
4 
Address of Operand 
1 
0 
Operand 
Data 
5 
Address 
of Operand 
0 
0 
Manipulated 
Data 


Bit Test and Branch 


1 
Op Code Address 
1 
1 
Op Code 


BRSET 
n 
2 
Op Code Address 
+ 1 
1 
0 
Address 
of Operand 


BRCLR 
n 
5 
3 
Address 
of Operand 
1 
0 
Operand 
Data 
4 
Op Code Address 
+ 2 
1 
0 
8ranch 
Offset 
5 
Op Code Address 
+ 2 
1 
0 
Branch 
Offset 


Relative 


BCC BHI BNE BEG 
1 
Op Code Address 
8CS 
BPL BHCC 
BLS 
1 
1 
Op Code 


BIL 8MC 
BRN BHCS 
3 
2 
Op Code Address 
+ 1 
1 
0 
Branch 
Offset 


BIH BMI 
BMS 
BRA 
3 
Op Code Address 
+ 1 
, 
0 
Branch 
Offset 


1 
Op Code Address 
1 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
0 
Branch 
Offset 


BSR 
6 
3 
Op Code Address 
+ 1 
1 
0 
Branch 
Offset 
4 
Subroutine 
Starting Address 
1 
0 
First Subroutine 
Op Code 
5 
Stack Pointer 
0 
0 
Return 
Address 
(LO 8yte) 
6 
Stack POinter - 1 
0 
0 
Return 
Address 
(HI Byte) 


Address Mode 
I 
Cycle, 
Address Bus 
R/W 
LI 
Oat8 Bus 
Instruction, 
I 
Cycles 
Pin 
Pin 


Direct 


2 
1 
Op Code Address 
1 
1 
Op Code 
JMP 
2 
Op Code Address 
+ 1 
1 
0 
Jump Address 


ADC 
EOR CPX 
1 
Op Code Address 
1 
1 
Op Code 
ADD 
LOA 
LOX 
3 
2 
Op Code Address 
+ 1 
1 
0 
Address of Operand 
AND 
ORA 
BIT 
SBC CMP 
SUB 
3 
Address 
of Operand 
1 
0 
Operand 
Data 


1 
Op Code Address 
1 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
0 
Address of Operand 
TST 
4 
3 
Address 
of Operand 
1 
0 
Operand 
Data 


4 
Op Code Address 
+ 2 
1 
0 
Op Code Next InstructIon 


1 
Op Code Address 
1 
1 
Op Code 


STA 
4 
2 
Op Code Adrress 
+ 1 
1 
0 
Address of Operand 


STX 
3 
Op Code Address 
+ 1 
1 
0 
Address 
of Operand 


4 
Address 
of Operand 
0 
0 
Operand Data 


LSL LSR DEC 
·1 
Op Code Address 
1 
1 
Op Code 


ASR 
NEG INC 
2 
Op Code Address 
+ 1 
1 
0 
Address 
of Operand 


CLR ROL 
5 
3 
Operand Address 
1 
0 
Current Operand Data 


COM 
ROR 
4 
Operand 
Address 
1 
0 
Current Operand 
Data 


5 
Operand Address 
0 
0 
New Operand Data 


1 
Op Code Address 
1 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
0 
Subroutine 
Address (LO Byte) 
JSR 
5 
3 
Subroutine 
Starting Address 
1 
0 
1st Subroutine 
Op Code 


4 
Stack POinter 
0 
0 
Return Address lLO Byte) 


5 
Stack POinter - 1 
0 
0 
Return 
Address 
IHI Byte) 


Extended 


1 
Op Code Address 
1 
1 
Op Code 


JMP 
3 
2 
Op Code Address 
+ 1 
1 
0 
Jump 
Address 
(HI Byte) 
3 
Op Code Address 
+ 2 
1 
0 
Jump 
Address 
(LO Byte) 


ADC 
BIT ORA 
1 
Op Code Address 
1 
1 
Op Code 


ADD 
CMP 
LOX 
4 
2 
Op Code Address 
+ 1 
1 
0 
Address Operand 
(H I Byte) 


AND 
EOR SBC 
3 
Op Code Address 
+ 2 
1 
0 
Address 
Operand 
(LO Byte) 


CPX LOA SUB 
4 
Address of Operand 
1 
0 
Operand Data 


1 
Op Code Address 
1 
1 
Op Code 


STA 
2 
Op Code Address 
+ 1 
1 
0 
Address of Operand 
(HI Byte) 


STX 
5 
3 
Op Code Address 
+ 2 
1 
0 
Address 
of Operand 
(LO Byte) 
4 
Op Code Address 
+ 2 
1 
0 
Address 
of Operand 
(LO Byte) 


5 
Address of Operand 
0 
0 
Operand 
Data 


1 
Op Code Address 
1 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
0 
Address of Subroutine 
(HI Byte) 


JSR 
6 
3 
Op Code Address 
+ 2 
1 
0 
Address of Subroutine 
(LO Byte) 
4 
Subroutine 
StartIng Address 
1 
0 
1st Subroutine 
Op Code 
5 
Stack POinter 
0 
0 
Return Address (LO Bvtel 
6 
Stack Pomter 
- 
1 
0 
0 
Return Address (HI Byte) 


Indexed, 
No-Offset 


JMP 
2 
1 
Op Code Address 
1 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next Instruction 


ADC 
EOR CPX 
1 
Op Code Address 
1 
Op Code 
ADD 
LOA LOX 
1 


AND 
ORA 
BIT 
3 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next InstructIon 


SBC CMP 
SUB 
3 
Index RegIster 
1 
0 
Operand 
Data 


1 
Op Code Address 
1 
1 
Op Code 


TST 
4 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next InstructIon 


3 
Index RegIster 
1 
0 
Operand 
Data 


4 
Op Code Address 
+ 1 
1 
0 
Op Code Next InstructIon 


1 
Op Code Address 
1 
1 
Op Code 
STA 
4 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next InstructIon 
STX 
3 
Op Code Address 
+ 1 
1 
0 
Op Code Next InstructIon 
4 
Index Reglsler 
0 
0 
Oper and Data 


LSL LSR DEC 
1 
Op Code Address 
1 
1· 
Op Code 


ASR 
NEG INC 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next Instruction 


CLR ROL 
5 
3 
Index RegIster 
1 
0 
Current Operand Data 


COM 
ROR 
4 
Index RegIster 
1 
0 
Current Operand 
Data 
5 
Index RegIster 
0 
0 
New Operand 
Data 


1 
Op Code Address 
1 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
0 
Op Code Next Instruction 
JSR 
5 
3 
Index Register 
1 
0 
lS1 SubroutIne 
Op Code 


4 
Stack POInter 
0 
0 
Return Address (LO Byte) 
5 
Stack POinter - 1 
0 
0 
Return Address (HI Byte) 


• 


• 


Address 
Mode 
I 
Cycles 
Cycle' 
Address Bus 
R/W 
LI 
Data Bus 
Instructions 
Pin 
Pin 


Indexed 
8-Bit 
Offset 


1 
Op Code Address 
1 
1 
Op Code 


JMP 
3 
2 
Op Code Address 
+ 1 
, 
0 
Offset 
3 
Op Code Address 
+ 1 
, 
0 
Offset 


ADC 
EOR CPX 
1 
Op Code Address 
1 
1 
Op Code 
ADD 
LOA LOX 
4 
2 
Op Code Address 
+ 1 
1 
0 
Offset 


AND 
ORA 
CMP 
3 
Op Code Address 
+ 1 
1 
0 
Offset 
SUB 
BIT SBC 
4 
Index 
Register 
+ Offset 
1 
0 
Operand 
Data 


1 
Op Code Address 
1 
1 
Op Code 


STA 
2 
Op Code Address 
+ 1 
1 
0 
Offset 


STX 
5 
3 
Op Code Address 
+ 1 
1 
0 
Offset 
4 
Op Code Address 
+ 1 
1 
0 
Offset 
5 
Index Register 
+ Offset 
0 
0 
Operand 
Data 


1 
Op Code Address 
1 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
0 
Offset 
TST 
5 
3 
Op Code Address 
+ 1 
, 
0 
Offset 
4 
Index Register + Offset 
1 
0 
Operand 
Data 
5 
Op Code Address 
+ 2 
1 
0 
ap Code Next Instruction 


LSL LSR 
, 
Op Code Address 
1 
1 
Op Code 


ASR 
NEG 
2 
Op Code Address 
+ 1 
1 
0 
Offset 


CLR ROL 
6 
3 
Op Code Address 
+ 1 
1 
0 
Offset 


COM 
ROR 
4 
Index Register 
+ Offset 
1 
0 
Current Operand 
Data 


DEC INC 
5 
Index 
Register 
+ Offset 
, 
0 
Current Operand 
Data 
6 
Index 
Register 
+ Offset 
0 
0 
New Operand 
Data 


1 
Op Code Address 
, 
1 
Op Code 
2 
Op Code Address 
+ 1 
, 
0 
Offset 


JSR 
6 
3 
Op Code Address 
+ 1 
1 
0 
Offset 
4 
Index Register + Offset 
1 
0 
1st Subroutine 
Op Code 
5 
Stack 
POinter 
0 
0 
Return Address LO Byte 
6 
Stack 
POinter 
-, 
0 
0 
Return Address HI Byte 


Indexed, 
16-Bit 
Offset 


1 
Op Code Address 
1 
1 
Op Code 


JMP 
4 
2 
Op Code Address 
+ 1 
1 
0 
Offset 
(HI Byte) 
3 
Op Code Address 
+ 2 
1 
0 
Offset 
(LO Byte) 
4 
Op Code Address 
+ 2 
1 
0 
Offset 
(LO By tel 


ADC 
CMP 
SUB 
, 
Op Code Address 
1 
1 
Op Code 
ADD 
EOR SBC 
2 
Op Code Address 
+ 1 
1 
0 
Offset 
(HI By tel 
AND 
ORA 
5 
3 
Op Code Address 
+ 2 
1 
0 
Offset 
(LO By tel 
CPX LOA 
4 
Op Code Address 
+ 2 
1 
0 
Offset 
(LO By tel 
BIT LOX 
5 
Index RegIster 
+ Offset 
, 
0 
Operand 
Data 


1 
Op Code Address 
, 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
0 
Offset 
(HI By tel 
STA 
6 
3 
Op Code Address 
+ 2 
1 
0 
Offset 
(LO Byte) 
STX 
4 
Dp Code Address 
+ 2 
, 
0 
Offset 
(LO Byte) 
5 
Op Code Address 
+ 2 
1 
0 
Offset 
(LO Byte) 
6 
Index Register + Offset 
0 
0 
Operand 
Data 


1 
Op Code Address 
1 
1 
Op Code 
2 
Dp Code Address 
+ 1 
1 
0 
Offset 
(HI Byte) 
3 
Op Code Address 
+ 2 
1 
0 
Offset 
(LO Byte) 
JSR 
7 
4 
Op Code Address 
+ 2 
1 
0 
Offset 
(LO By tel 
5 
Index 
Register 
+ Offset 
1 
0 
1st Subroutine 
Cp Code 
6 
Stack POinter 
0 
0 
Return Address (LO Byte) 
7 
Stack 
POinter 
- 
1 
0 
0 
Return 
Address 
(HO By tel 


Address Bus 
RESET 
R/W 
LI 
Data Bus 
Instructions 
Cycles 
Cycle# 
Pin 
Pin 
Pin 


Other Functions 


$1FFE 
0 
1 
0 
Irrelevant Data 
$lFFE 
0 
1 
0 
Irrelevant Data 


1 
$lFFE 
1 
1 
0 
Irrelevant Data 


Hardware RESET 
5 
2 
$lFFE 
1 
1 
0 
Irrelevant Data 
3 
$lFFE 
1 
1 
0 
Vector HIgh 
4 
$1FFF 
1 
1 
0 
Vector Low 
5 
Reset Vector 
1 
1 
0 
Op Code 
1 
$1FFE 
1 
1 
0 
Irrelevant Data 
· · 
· 
• 
· 
· 
• · 
· · · 
• 
· · 
· · · 
· 
Power on Reset 
1922 
1919 
$lFFE 
1 
1 
0 
Irrelevant Data 
1920 
$1FFE 
1 
1 
0 
Vector High 
1921 
$1FFF 
1 
1 
0 
Vector 
Low 


1922 
Reset Vector 
1 
1 
0 
Op Code 


Instruction 
Cycles 
Cycles' 
Address Bus 
iRQ 
R/W 
LI 
Data Bus 
Pin 
Pin 
Pin 


Las~ Cycle of PrevIous 
0 
X 
0 
X 
Instruction 


1 
Next Op Code Address 
0 
1 
0 
Irrelevant Data 


2 
Next Op Code Address 
X 
1 
0 
Irrelevant Data 
3 
SP 
X 
0 
0 
Return Address (LO Byte) 


IRQ Interrupt 
10 
4 
SP-l 
X 
0 
0 
Return Address (HI Byte) 
IT,mer Vector $lFF8, $1FF9J 
5 
SP- 2 
X 
0 
0 
Contents 
Index Reg 
6 
SP-3 
X 
0 
0 
Contents Accumulator 
7 
SP-4 
X 
0 
0 
Contents 
CC Register 


8 
$lFFA 
X 
1 
0 
Vector High 
9 
$1FF8 
X 
1 
0 
Vector Low 


10 
IRQ Vector 
X 
1 
0 
Int Routine FIrst 


Under certain circumstances, 
the MC146805E2 IBP4XXXX 
and AW9XXXX) 
8-bit 
Microprocessor 
Unit TAG interrupt 
does 
not 
conform 
to 
the 
operation 
described 
in 
this 
Advanced 
Information 
Sheet. 


1. The level sensitive IRQ mode, which is by far the most 


frequently 
used, is FUllY 
OPERATIONAL: 
thus, most 


MC146805E2 
applications 
are unaffected. 
However, 


the edge-triggered TRll interrupt 
mode MIGHT NOT BE 
SERVICED under certain programming 
circumstances; 


therefore, 
it is recommended 
that the edge-triggered 


mode not be used. 


b. If the WAIT mode 
IS used without 
external Interrupt 
IIRQ pin held high), no precautions 
are requrred. 


c 
When TRll can be active 
(low) 
during 
the WAIT 
mode, the vector in locations $1FF6 and $1FF7 (the 
WAIT 
mode 
timer 
interrupt 
vector) 
should 
be 
duplicated 
In $1FF2 and $1FF3. In this way the cir- 


cumstances 
that 
caused 
selection 
of 
the second 


vector do not disturb normal program execution. 


2. An 
interrupt-vector 
address 
CAN 
BE 
improperly 


generated in some circumstances. 
There is a possibility 


that when an external interrupt 
(TRll) and timer inter- 


rupt 
occur 
during 
the WAIT 
mode 
(following 
wait 
instruction), 
address 
locations 
$lFF2 
and $1FF3 are 


selected instead of vector locations 
$1FF6 and $1FF7. 


There are three specific examples listed below; two of 


On future 
MCl46805E2 
parts, 
no special actions will be 
necessary. 
If you have questions, 
contact 
your 
Motorola 
distributor 
or Motorola 
sales office, 
or contact 
Motorola 
Microprocessor 
Applications 
Engineering in Austin, 
Texas. 


• 


• 


@ MOTOROLA 


The MCl46805E3 Microprocessor Unit IMPUl belongs to the M6805 
Family of 
microcomputers. 
This 8-bit 
fully 
static 
and expandable 
microprocessor contains a CPU, on-chip RAM, I/O, and TIMER. Opera- 
tion is identical to the MCl46805E2 except that this device includes a 
64K memory addressing capability. 
The MCl46805E3 is a low-power, 
low-cost processor designed for 
low-end to mid-range applications in the consumer, automotive, 
in- 
dustrial and communications markets where very low power consump- 
tion constitutes an important factor. 


HARWARE FEATURES 


• 
Typical Full Speed Operating Power of 35 mW @ 5 V 


• 
Typical WAIT Mode Power of 5 mW 


• 
Typical STOP Mode Power of 25 p.W 


• 
112 Bytes of On-Chip RAM 


• 
16 Bidirectional I/O Lines 


• 
Internal 8-Bit Timer with Software Programming 7-8it Prescaler 


• 
External Timer Input 


• 
Full External and Timer Interrupts 


• 
Multiplexed Address/Data 
Bus 


• 
Master Reset and Power-On Reset 


• 
Capable of Addressing Up to 64K Bytes of External Memory 


• 
Single 3- to 6-Volt Supply 


• 
On-Chip Oscillator 


SOFTWARE FEATURES 


• 
Similar to the MC6800 


• 
Efficient Use of Program Space 


• 
Versatile Interrupt Handling 


• 
True Bit Manipulation 


• 
Addressing Modes with Indexed Addressing for Tables 


• 
Efficient Instruction Set 


• 
Memory Mapped I/O 


• 
Two Power Saving Standby Modes 


The MCl46805E3 MPU, an expanded version of the MC146805E2MPU, 
includes a 64K memory addressing capability. The following paragraph 
explains the modifications 
made to the MC146805E2 and reference 
should be made to the MCI46f3(fJE2 Advance Information 
Data Sheet 
IADI-850-R2l for detailed information. 


Port A bits 5, 6, and 7 have been replaced by high-byte ad- 
dress bits 13,14, and 15. The new address pins will behave 
identically to the current high address pins IA8-A 121. Port 
A bits 5 through 7 will be seen as "read only" bits and will 
be read as zeros facilitating "all zero" or "anyone" 
testing. 


Port A data direction bits 5 through 7 will be seen as "read 
only" bits and will be read as ones, indicating that they are 
outputs. 


8-BIT 
MICROPROCESSOR 


S SUFFIX 


CERDIP 
PACKAGE 


CASE 
734 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715 


Z SUFFIX 


CHIP 
CARRIER 


CASE 
761 


PIN ASSIGNMENT 


RESET 
VOO 


IRQ 
39 
OSe1 


LI 
38 
OSe2 


OS 
37 
TIMER 


R/W 
38 
PBO 


AS 
35 
PBl 


A15 
34 
PB2 


A14 
33 
PB3 


A13 
32 
PB4 


PM 
31 
PB5 


PA3 
30 
PB6 


PA2 
29 
PB7 


PAl 
28 
BO 


PAO 
27 
Bl 


A12 
26 
B2 


All 
25 
B3 


AlO 
24 
B4 


A9 
18 
23 
B5 


A8 
19 
22 
B6 


VSS 
20 
21 
B7 


@ MOTOROLA 


a-BIT MICROCOMPUTER UNIT 


The 
MC146805F2 
Microcomputer 
Unit 
IMCUI 
belongs 
to 
the 
M146805 Family of Microcomputers. 
This B-bit MCU contains on-chip 
oscillator, 
CPU, RAM, 
ROM, 
1/0, 
and TIMER. The fully static design 
allows operation at frequencies down to dc, further reducing its already 
low-power 
consumption. 
It is a low-power 
processor designed for low- 
end to mid-range applications 
in the consumer, 
automotive, 
industrial, 


and communications 
markets 
where 
very low-power 
consumption 
con- 


stitutes an important 
factor. 


HARDWARE 
FEATURES 


• 
Typical Full Speed Operating 
Power of 10 mW at 5 V 


• 
Typical WAIT 
Mode Power of 3 mW 


• 
Typical STOP Mode Power of 25/'W 


• 
B-Bit Architecture 


• 
Fully Static Operation 


• 
Single 3- to 6-Volt Supply 


• 
1089 Bytes of On-Chip User ROM 


• 
64 Bytes of On-Chip RAM 


• 
Memory Mapped 1/0 


• 
16 Bidirectional 
1/0 
Lines 


• 
4 Input-Only 
Lines 


• 
Internal B-Bit Timer with Software 
Programmable 
7-Bit Prescaler 


• 
External Timer input 


• 
External and Timer Interrupts 


• 
Self-Check 
Mode 


• 
Master Reset and Power-On 
Reset 


• 
On-Chip Oscillator 


• 
1 /'S Cycle Time 


• 
2B-Pin Dual-in-Line 
Package 


• 
Chip Carrier Also Available 


SOFTWARE 
FEATURES 


• 
Similar to the MC6800 


• 
Efficient 
Use of Program Space 


• 
Versatile interrupt 
Handling 


• 
True Bit Manipulation 


• 
Ten Addressing 
Modes with Indexed Addressing 
for Tables 


• 
Efficient 
Instruction 
Set 


• 
Memory Mapped 1/0 


• 
User Callable Self-Check 
Routines 


• 
Two Power Saving Standby Modes 


USER SELECTABLE OPTIONS 


• 
Crystal or Low-Cost 
Resistor Oscillator Option 


• 
Oscillator Internally Divided by 2 or 4 


• 
Interrupts 
Edge Sensitive Only or Level and Edge Sensitive 


CMOS 
(HIGH-PERFORMANCESILICON-GATE) 


8-BIT 
MICROCOMPUTER 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
710 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
719 


S SUFFIX 


CERDIP 
PACKAGE 


CASE 
733 


Z SUFFIX 


CHIP 
CARRIER 


CASE 
761 


VDD 


TIMER 


PCO 


PC, 


PC2 


PC3 


PBO 


PBl 


PB2 


PB3 


PB4 


PB5 


PB6 


PB7 


PIN ASSIGNMENT 
(CONTINUEO) 


I~I~ 


a: 
. U 
::;: 
0 
w 
0 . 
u 
<f) 
::::J 
0 
::;: 
u U 
u 
z 
0 
z 
> 
;:: 
"'- 
"'- 
z 


40 
36 


NC' 
35 
PC2 


OSC2 
PC3 


PAO 
PBO 


PAl 
PB1 


PA2 
10 
Top 
PB2 


PA3 
View 
30 
PB3 


NC' 
NC' 


PM 
NC' 
B 


NC' 
D NC' 


NC' 
15 
26 n NC' 
16 
20 
25 
~~. 
'" 
"- 
<f) "- 
'" "' 
.,. . 
u « 
« 
« 
<f) m 
m 
m 
m u 
z "'- "'- 
"'- 
> 
"'- 
"'- 
"'- 
"'- 
z 


.•.NC= 
No Connection 


MC146805F2 
CMOS 
MICROCOMPUTER 


IRO 


3 


PBO 
Accumulator 
Data 
Port 
PBl 
B 
A 
PB2 
Port 


CPU 
Olrecllon 
B 
PB3 
B 
Index 
Control 
Register 
Register 
PB4 
1/0 


Register 
PB5 Lines 


PAO 
8 
X 
PB6 


Port 
PAl 
Port 
Data 
Condition 
PB7 


A 
PA2 
A 
.recuo 
Code 


1/0 
PA3 
Register 
Register 
Register 
CC 
PM 
CPU 
Lines 
PA5 
Stack 
PA6 
POinter 
PA7 
S 
Port 
26pCO 


Program 
C 
25pC1 


Counter 
Register 
24PC2 


High 
PCH 
ALU 
23pC3 


Program 
Counter 
8 
Low 


Ratings 
Symbol 
Value 
Unit 


Supply 
Voltage 
VOO 
-0.3 
to +6.0 
V 


All Input 
Voltages 
Except 
OSC1 
VIn 
VSS - 0.5 to VOO + 0.5 
V 


Current Oraln per Pin Excluding VOO and VSS 
I 
10 
mA 


Operating Temperature 
Range 
TL to TH 


MCl46805F2 
TA 
o to 70 
"C 
MCl46805F2C 
-40 
to +85 


Storage Temperature 
Range 
Tstq 
-55 
to +150 
"C 


ThiS device contains cIrCUItry to protect the 
Inputs 
against 
damage 
due 
to 
high 
static 
voltages of electric fields; however. 
It is ad+ 
vIsed 
that 
normal 
precautions 
be taken 
to 
avoid applicatIOn of any voltage higher than 
maximum 
rated 
voltages 
to 
thiS high 
Im- 


pedance 
Circuit. 
For proper 
operation 
It tS 
recommended 
that 
Vin 
and 
Vout 
be con- 


strained 
to 
the 
range 
VSS:s 
IVm 
or 
Vout):sVOO. 
Reliability 
of 
operation 
is 
enhanced 
If unused Inputs except OSC2 and 
NUM 
are tied to an appropriate 
logic voltage 
levelle.g., 
either 
VSS or VOOJ. 


Characteristics 
Symbol 
Value 
Unit 


Thermal 
Resistance 
Plastic 
115 
Cerdip 
6JA 
65 
"C/W 
Ceramic 
60 
Chip Carrier 
100 


Characteristics 
Symbol 
Min 
Max 
Unit 


Output 
Voltage, 
ILoad" 
10.0 ~A 
VOL 
- 
0.1 
V 
VOH 
VOO-O.l 
- 


Output 
High Voltage 
IILoad- 
-200 
~AI 
PAO-PA7, 
P80-PB7 
VOH 
4.1 
- 
V 


Output 
Low 
Voltage, 
IILoad-800 
~AI 
PAO-PA7, 
PBO-PB7 
VOL 
- 
0.4 
V 


Input 
High Voltage 
Ports PAO-PA7, 
P80-PB7, 
PCO-PC3 
VIH 
VOO- 
2.0 
VOO 
V 
TIMER, 
IRQ, RESET. 
OCSl 
VOO-O.8 
VOO 


Input Low Voltage, 
All Inputs 
VIL 
VSS 
0.8 
V 


Total Supply Current (CL -50 pF on Ports, No dc Loads, tcyc- 
1 its) 
4 
RUN IVIL =0.2 
V, VIH=VOO-0.2 
VI 
- 
mA 
WAIT 
ISee Note 21 
100 
- 
1.5 
mA 
STOP ISee Note 
2J 
- 
150 
~A 


I/O 
Ports 
Input 
Leakage 
- 
PAO-PA7. 
PBO-PB7 
IlL 
- 
±1O 
.A 


Input 
Current 
- 
~. 
TIm. TIMER. 
OSC1. 
PCO-PC3 
1m 
- 
±1 
~A 
Output 
Capacitance 
- 
Ports A and B 
Cnut 
- 
12 
pF 


Input 
Capacitance 
- 
RESET. 
IRQ. TIMER. 
OSC1. 
PCO-PC3 
Cin 
- 
8 
pF 


NOTES: 
1. Electrical Characteristics for VOO = 3 V avaIlable soon. 
2 
Test Conditions for 100 are as follows: 
All ports programmed 
as Inputs 
VIL = 0.2 V IPAO-PA7. 
PBO-PB7. 
PCO-PC31 
VIH = VOO - 0.2 V for RESET. IRQ. 
TIMER 
OSC1 input is a square wave from 0 2 V to VOO - 0.2 V (for WAIT 
100 measurement 
only) 
OSC2 output 
load = 20 pF IWAIT 
100 
IS affected 
linearly 
by the OSC2 capacltancel 


• 


• 


Characteristics 
Symbol 
Min 
Max 
Unit 


Crystal 
Oscillator 
Startup 
Time 
(See Figure 5) 
tOXOV 
- 
100 
ms 


Stop 
Recovery 
Startup 
Time 
- 
Crysta~ Oscillator 
(See Figure 6) 
tlLCH 
100 
ms 


Timer 
Pulse Width 
(See Figure 4) 
tTH, 
tTL 
0.5 
- 
teye 


Reset Pulse Width 
(See Figure 51 
tRL 
1.5 
tcyc 
Timer 
Period 
(See Figure 4) 
tTLTL 
1.0 
teye 
Interrupt 
Pulse Width 
(See Figure 
15) 
tlllH 
1.0 
teye 


Interrupt 
Pulse Period 
(See Figure 
15) 
tlllL 
* 


tcyc 


OSC1 
Pulse Width 
(See Figure 71 
tOH, 
tOL 
100 
- 
ns 


Cycle Time 
teye 
1000 
- 
ns 


Frequency 
of Operation 
Crystal 
fose 
- 
4.0 
MHz 


External 
Clock 
dc 
4.0 


*The minimum 
period. 
tlllL. 
should 
not be less than the number 
of teye cycles it takes to execute 
the interrupt 
service 
routines 
plus 20 teye 
cycles. 


FIGURE 
1 - 
EQUIVALENT 
TEST 
LOAD 


VDD=4.5V 


ILoad-- 


FIGURE 2 - 
MAXIMUM 
OPERATING 
CURRENT 
vs 
INTERNAL 
FREQUENCY 
(T A = TL to TH) 
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FIGURE 3 - 
MAXIMUM 
WAIT 
CURRENT 
vs 


INTERNAL 
FREQUENCY 
ITA = TL to TH) 


5 
V 


./ V 


./ 
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~<~ 
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/ 


7~3.0~1I< 
:::..rI 


o 


o 
O.t 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 


INTERNAL FREQUENCY (MHzl 


Internal 
Address 


Bus* 


Internal 
Data 
Bus* 


>--- 


!---tTLTL-..j 


(Timer) 


Pin 27 


I 
I 
% 
1 
I 
~i\\\\ 
\\\\~\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\~~\\\\\\\\\\\ 


1 
I 
I 
I 
I 1920 teye 
, 


I 
I'" 
.; 
-1 
I 
I 
I 
~ 
tOXOV 
r- 
leye 


~ 


• 


~IIIIIIIIIII 
~III 


IRG 
or 
RESET 
'i===_'1LC_H --=---=--=--=-~~_1920_tCYC_;~I_ 


VDD and VSS 


Power is supplied to the MCU using these two pins. VOO 


is power and VSS is ground. 


IRQ (MASKABLE 
INTERRUPT REQUEST) 


IRQ is photomask option selectable with the choice of in- 
terrupt 
sensitivity 
being both level and negative edge or 
negative edge only. The MCU completes the current instruc- 
tion before it responds to the request. If IRQ is low and the 
interrupt 
m'ask bit (I bitl in the condition 
code register is 
clear, the MCU begins an interrupt sequence at the end of 


the 
current 
instruction. 


If the photomask option is selected to include level sen- 
Sitivity, then the IRQ input requires an external resistor to 
VOO for "wire-OR" 
operation. See the Interrupt section for 
more detail. 


RESET 


The RESET input is not required for start-up but can be 
used to reset the MCU's internal state and provide an order- 
ly software start-up procedure. Refer to the Resets section 
for a detailed description. 


TIMER 


The TIMER input may be used as an external clock for the 
on-chip 
timer. 
Refer to the Timer section for a detailed 
description. 


NUM (NON-USER MODE) 


This pin is intended for use in self-check only. User ap- 


plications should leave this pin connected to ground through 
a 10 kilohm resistor. 


OSC1,OSC2 


The MC146805F2 can be configured 
to accept either a 
crystal input or an RC network. 
Additionally, 
the internal 
clocks can be derived from either a divide-by-two 
or divide- 
by-four of the external frequency Ifoscl. 
Both of these op- 
tions are photomask selectable. 


RC - 
If the RC oscillator option is selected, then a resistor 
is connected to the oscillator pins as shown in Figure 71b). 
The relationship between Rand fosc is shown in Figure 8. 


CRYSTAL - 
The circuit shown in Figure 71a) is recom- 
mended when 
using a crystal. 
The internal 
oscillator 
is 
designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency range specified for lose in 
the electical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input PinSto minimize 
output distortion and start-up stabilization time. Crystal fre- 
quency limits are also affected by VOO. Refer to Table 1, 
Control Timing Characteristics, for limits. 


EXTERNAL CLOCK - 
An external clock should be ap- 


plied to the OSC1 input with the OSC2 input not connected, 
as shown in Figure 71c1.An external clock should be used 
with the crystal oscillator mask option only. toxOV 
or IiLCH 
do not apply when using an external clock input. 


PAD-PA7 


These eight I/O lines comprise Port A. The state of any pin 


is software programmable. 
Refer to the Input/Output 
Pro- 


gramming section for a detailed description. 
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FIGURE 8 - 
FREQUENCY 
vs RESISTANCE 
FOR 


RC OSCILLATOR 
OPTION 
ONLY 


PBo-PB7 


These eight lines comprise Port B. The state of any pin is 
software 
programmable. 
Refer to the Input/Output 
Pro- 
gramming section for a detailed description. 


PCo-PC3 


These four lines comprise Port C, a fixed input port. When 
Port C is read, the four most-significant bits on the data bus 
are "ls" 
. There is no data direction register associated with 
Port C. 


INPUT/OUTPUT 
PROGRAMMING 


Any Port A or B pin may be software programmed as an 
input or output by the state of the corresponding bit in the 
port data direction register IDDRl. A pin is configured as an 
output if its corresponding DDR bit is set to a logic "1". 
A 
pin is configured as an input if its corresponding DDR bit is 
cleared to a logic "0". 
At reset, all DDRs are cleared, which 
configures all port pins as inputs. A port pin configured as an 
output will output the data in the corresponding bit of its 
port data latch. Refer to Figure 9 and Table 2. 


Interal 
MC146805F2 
Connections 


IbJ 


Typical Port 
Data Direction 


Register 


Typical 
Port 


Register 


Pin 
P-7 
P-6 
P-5 
P-4 
P-3 
P-2 
po' 
p-o 


R/W 
OOR 
I/O 
Pin Function 


0 
0 
The liD 
ptn 15 In Input 
mode. Data 
IS written 
Into 
the output data latch 


0 
1 
Data 
IS wntten 
Into 
the output data latch and output to the 1/0 
pIn 
, 
0 
The state of the 110 pin 
IS read 


1 
1 
The 1/0 
pIn IS In an output mode 
The output data latch IS read 


The MCl46805F2 self-check is performed using the circuit 
in Figure 10. Self-check is initiated by tying NUM and TIMER 
pins to a logic "1" 
then executing a reset. After reset, the 
following five tests are executed automatically: 
I/O - 
Functionally Exercise Ports A, B, C 
RAM - 
Walking Bit Test 
ROM - 
Exclusive OR with ODD "1s" 
Parity Result 


Timer - 
Functionally Exercise Timer 
Interrupts - 
Functionally Exercise External and Timer In- 
terrupts 
Self-check results are shown in Table 3. The following 
subroutines are available to user programs and do not re- 
quire any external hardware. 


PB3 
PB2 
PBl 
PBO 
Remarks 


1 
0 
1 
1 
Bad TImer 


1 
1 
0 
0 
Bad RAM 


1 
, 
0 
1 
Bad ROM 


1 
1 
1 
0 
Bad Interrupt or Request Flag 


All Cycling 
Good 
Part 


All Others 
Bad Part 


RAM SELF-CHECK SUBROUTINE- 


Returns with the Z bit clear if any error is detected; 01her- 


wise, the Z bit is set. 


The RAM test must be called with the stack pointer at $7F 


and the accumulator 
zeroed. When run, the test checks 
every RAM cell except for $7Fand $7Ewhich are assumed to 
contain the return address. 


A qnd X are modified. All RAM locations except the top 2 
are modified. (Enter at location $78B.) 


ROM CHECKSUM SUBROUTINE 


Returns with Z bit cleared if any error was found; other- 


wise Z= 1, X=O on return, and A is zero if the test passed. 
RAM locations $40-$43 are overwritten. 
(Enter at location 
$7A4.1 


TIMER TEST SUBROUTINE 
Return with Z bit cleared if any error was found; otherwise 
Z=l. 


This routine runs a simple test on the timer. In order to 
work correctly as a user subroutine, the internal clock must 
be the clocking 
source and interrupts 
must be disabled. 


Also, on exit, the clock will be running and the interrupt 
mask will not be set, so the caller must protect himself from 
interrupts if necessary. 
A and X register contents are lost; this routine counts how 
many times the clock counts in 128 cycles. The number of 
counts should be a power of two since the prescaler is a 
power of two. If not, the timer probably is not counting cor- 
rectly. The routine also detects if the timer is running at all. 
(Enter at location $7BE.1 


FIGURE 10 - 
SELF-CHECK 
PINOUT 
CONFIGURATION 
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The MC146805F2 has a total address space of 2048 bytes 
of memory and I/O registers. The address space is shown in 
Figure 11. 
The first 128 bytes of memory Ifirst half of page zero I is 
comprised 
of the I/O port locations, 
timer locations, 
and 64 
bytes of RAM. The next 1079 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and interrupt 
vectors . 


Access 
V,a 


Page 
0 
Direct 


AddressIng 


1206 
1207 


1279 
1280 


1919 


1920 


2037 


[ 


2038 


User 
Defined 
Interrupt 
Vectors 


2047 


The stack pointer 
is used to address data stored on the 
stack. 
Data is stored 
on the stack during 
interrupts 
and 
subroutine 
calls. At power-up, 
the stack pointer is set to $7F 
and it is decremented 
as data is pushed on the stack. When 
data is removed 
from 
the stack, 
the stack 
pointer 
is in- 
cremented. 
A maximum of 32 bytes of RAM are available for 
stack usage. Since most programs 
use only a small part of 
the allocated stack locations for interrupts and/or 
subroutine 
stacking 
purposes, 
the unused bytes are available for pro- 
gram data storage. 


[:~ 


255 


256 


110 
Ports 
Timer 
RAM 


1079 Bytes 


User 
ROM 


73 Bytes 
Self-Check 
ROM 


640 
Bytes 
Unused* 


118 Bytes 
Self-Check 
ROM 


--------- 
--- 
- 


Timer Interrupt 
From Walt 
State Only 
----------'--- 


Timer Interrupt 
---- 


External Interrupt 
---- 


SWI 
-- -- 


RESET 


sOOOO 
0 


S007F 
2 


sOO8O 
3 


I 


sOOFF 
S0100 


6 


7 


8 


9 


S04B6 
10 


s04B7 


s04FF 
s0500 
63 
64 


$077F 
s0780 
95 
96 
S07F5 


s07F6 
s07F7 


s07F8 
s07F9 


S07FA s07FB 


I 


s07FC 
s07FD 


S07FE 
S07FF 
127 


Port A Data 
Register 


Port B Data 
Register 


1 
1 
1 
1 
I 
Port 
C 


Unused * 


Port A Data 
Direction 
Register 


Port 8 Data Direction 
Register 


Unused * 


Unused * 


Timer 
Data 
Register 


TImer 
Control 
Register 


54 Bytes 
Unused* 


RAM 
164 Bytes) 


- 
/7' 


...- ,- 


/ 
/ 
/ 
./ 
/ 


./ 
./ 
Stack 
132 Bytes 
Maxi 


./ 
• 


/./ 


SOOOO 


S0001 


s0002 


s0003 


sOOO4 


sOOO6 


sOOO5 


s0007 


sOOO6 


sOOO9 


sOOOA 


PROGRAM COUNTER (PCI 
The program counter is an ll-bit 
register that contains the 


address of the next instruction to be executed by the pro- 
cessor. 
The MC146805F2 contains five registers as shown in the 
programming model (Figure 121.The interrupt stacking order 
is shown in Figure 13. 
STACK POINTER ISPI 


The stack pointer is an 11-bit register containing the ad- 


dress of the nexl free location on the stack. When accessing 
memory, the six most-significant 
bits are appended to the 
five least-significanl 
register bits to produce an address 
Within the range of $7F to $60. The stack area of RAM is 
used to store Ihe relurn address on subroutine calls and the 
machine state during interrupts. During external or power-on 
reset, and during a "reset stack pointer" 
instruction, 
the 
slack pointer is set to ItSupper limit ($7Fl. Nested interrupts 
and/or 
subroutines may use up to 32 (decimal1 locations 
beyond which the stack pOinter "wraps around" and points 
to its upper limit thereby losing the previously stored infor- 
mation. A subroutine call occupies two RAM bytes on the 
stack, while an interrupt uses five bytes. 


ACCUMULATOR 
(AI 


This accumulator is an 8-bit general purpose register used 
to hold operands and results of the arithmetic calculations 
and data manipulations. 


INDEX REGISTER (Xl 


The X register is an 8-bit register which is used during the 


indexed modes of addressing. It provides the 8-bit operand 
which 
is used to create an effective address. The index 
register is also used for data manipulations with the read- 
modify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 


7 
0 


I 
A 
I 
Accumulator 


7 
0 


I 
X 
I 
Index RegIster 


10 
8 7 
0 


I 
PCH 
I 
PCl 
I 
Program 
Counter 


10 
5 
4 
0 


~ 
SP 
I 
S tack POinter 


l§ 


1 
N 
Z 
C 
Condition 
Code Aeglster 


Carry/Borrow 


Zero 


Negative 


Interrupt 
Mask 


Half Carry 


Stack 
n 
T 


IncreaSing Memory j ; 
Addresses 
U 
A 
0 


N 


Condition 
Code Register 


Accumulator 


NOTE: 
Since the Stack 
POinter 
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stacked first, followed by PCH, ete 
Pulling from the stack IS In 
the reverse order 


• 
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CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register which in- 
dicates the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 


HALF CARRY BIT (HI - 
The H bit is set to a "1" when a 
carry occurs between bits 3 and 4 of the ALU during an ADD 
or ADC instruction. 
The H bit is useful in binary coded 
decimal subroutines. 


INTERRUPT MASK BIT (I) - 
When the I bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the I bit is set, the interrupt is latched and is 
processed when the I bit is next cleared. 


NEGATIVE (N) - 
Indicates that the result of the last 
arithmetic, logical, or data manipulation is negative (bit 7 in 
the result is a logical "1"1. 


lERO (ll 
- 
Indicates that the result of the last arithmetic, 


logical, or data manipulation is zero. 


CARRY/BORROW (Cl - 
Indicates that a carry or borrow 
out of the arithmetic logic unit (ALUI occurred during the 
last arithmetic operation. This bit is also affected during bit 
test and branch instructIons, shifts, and rotates. 


The MC146805F2 has two reset modes: an active low ex- 
ternal reset pin (RESET) and a power-on reset function; refer 
to Figure 5. 


RESET 


The RESET input pin is used to reset the MCU to provide 
an orderly software start-up procedure. When using the ex- 
ternal reset mode, the RESET pin must stay low for a 
minimum of one tRL. The RESET pin is provided with a 
Schmitt Trigger input to improve its noise immunity. 


POWER-ON RESET 


The power-on reset occurs when a positive transition is 
detected on VDD. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 


for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay from the time of the first oscillator opera- 
tion. If the external RESET pin is low at the end of the 1920 
time out, the processor remains in the reset condition. 


Either of the two types of reset conditions 
causes the 
following to occur: 


• 
Timer control register interrupt request bit nCR71 is 
cleared to a "0". 


• 
Timer control register interrupt mask bit nCR61 is set 
to a "1". 


• 
All data direction register bits are clearerj to a "0". 
All 
ports are defined as inputs. 


• 
Stack pointer is set to $7F. 


• 
The internal address bus is forced to the reset vector 
($7FE, $7FF). 


• 
Condition code register interrupt mask bit III is set to a 
"1". 


• 
STOP and WAIT latches are reset. 


• 
External interrupt latch is reset. 
All other functions, such as other registers (including out- 


put ports I, the timer, etc., are not cleared by the reset condi- 
tions. 


Systems often require that normal processing be inter- 
rupted so that some external even!' may be serviced. The 
MCl46805F2 may be interrupted by one of three different 
methods, either one of two maskable interrupts (external in- 
put or timer) or a non-maskable software interrupt (SWI). 


Interrupts cause the processor registers to be saved on the 
stack and the interrupt mask set to prevent additional inter- 
rupts. The RTI instruction causes the register contents to be 
recovered from the stack and return to normal processing. 
The stacking order is shown in Figure 13. 


Unlike RESET, hardware interrupts do not cause the cur- 
rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 
When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 


If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external in- 
terrupt is serviced first. The SWI is executed as any other in- 
struction. Refer to Figure 14 for the interrupt and instruction 
processing sequence. 


TIMER INTERRUPT 
Each time the timer decrements 
to zero (transitions 
from 
$01 to $001, the timer interrupt 
request bit ITCR7) is set. The 
processor is interrupted 
only if the timer mask bit ITCR6) and 
interrupt 
mask bit II bill are both cleared. When the interrupt 
is recognized, the current state of the machine is pushed on- 
to the stack and the interrupt 
mask bit in the condition 
code 
register is set. This mask prevents further interrupts 
until the 
present one is serviced. The processor now vectors to the 


timer interrupt 
service routine. 
The address for this service 
routine is specified by the contents 
of $7F8 and $7F9 unless 
the processor is in a WAIT mode, in which case the contents 
of $7F6 and $7F7 specify the timer service routine address. 
Software 
must be used to clear the timer interrupt 
request 
bit (TCR71. At the end of the timer interrupt 
service routine, 
the software 
normally 
executes 
an RTI instruction 
which 
restores the machine 
state and starts executing 
the inter- 


rupted program. 


,-I 
Bit lin CCI 
07F-SP 
O-DDRs 
CLR IRQ Logic 
FF--Tlmer 
7F-Prescaler 
7F-TCR 


Load PC 
from 
7FE17FF 


Load PC From: 
SWI: 
7FC17FD 
IRQ: 7FA17FB 
TIMER: 
7F817F9 
Timer 
Wait: 
7F617F7 


Execute All 
Instruction 
Cycles 


• 


• 


EXTERNAL INTERRUPT 


Either level- and edge-sensitive or edge-sensitive only in- 


puts are available as mask options. If the interrupt mask bit 
of the condition code register is cleared and the external in- 
terrupt pin {iJ1('Jl is "low" 
or a negative edge has set the in- 


ternal interrupt flip-flop, then the external interrupt occurs. 
The action of the external interrupt is identical to the timer 
except that the service routine address is specified by the 
contents of $7FA and $7FB. Figure 15 shows both a func- 
tional diagram and timing for the interrupt line. The timing 
diagram shows two different treatments of the interrupt line 
(T"RLi1 to the processor. The first method is single pulses on 
the interrupt line spaced far enough apart to be serviced. The 
minimum time between pulses is a function of the length of 
the interrupt service routine. Once a pulse occurs, the next 
pulse should not occur until the MPU software has exited the 
routine {an RTI occurs!. This time (tIULI is obtained by ad- 
ding 20 instruction cycles (tcycl to the total number of cycles 
it takes to complete the service routine including the RTI in- 


struction; 
refer to 
Figure 15. The second configuration 
shows many interrupt lines "wire ORed" to form the inter- 
rupts at the processor. Thus, if after servicing an interrupt 
,the IRQ remains low, then the next interrupt is recognized. 


SOFTWARE INTERRUPT (SWI) 


The software interrupt is an executable instruction. 
The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the in- 
terrupt 
mask in the condition 
code register. The service 


routine address is specified by the contents of memory loca- 
tions $7FC and $7FD. 


The following 
three functions are not strictly interrupts, 


however, they are tied very closely to the interrupts. These 
functions are RESET, STOP, and WAIT. 


RESET - 
The RESET input pin and the internal power-on 


reset function each cause the program to vector to an in- 
itialization program. This vector is specified by the contents 


External 
Interrupt 
Request 


External 
Reset 


External 
Interrupt 
Being Serviced 


IRQ~lILIH 
u 
~_111lL-1 


Edge Condition 


The minimum 
pulse Width ItI1lH) 
is one 


'eye· 
The period tlUL 
should not be less 


than the number of {eye cycles It takes to 


execute 
the 
Interrupt 
service 
routine 
plus 
20 'eye cycles 


IRQ IMPU11 
_ 


Mask Optional Level Sensitive 


If after servIcing an interrupt 
the IRQ 
re- 


mams 
low. 
then 
the 
next 
mterrupt 
IS 


recognIzed. 


of memory locations $7FE and $7FF. The interrupt mask of 
the condition code register is also set. See preceding section 
on Reset for details. 


STOP - 
The STOP instruction places the MCl46805F2 in 
its lowest power consumption mode. In the STOP function, 
the internal oscillator is turned off causing all internal pro- 
cessing and the timer to be halted; refer to Figure 16. 


During the STOP mode, timer control register ITCRI bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timing interrupts. External 
interrupts 
are enabled in the condition 
code register. All 
other registers and memory remain unaltered. All I/O lines 
remain unchanged. The processor can only be brought out 
of the STOP mode by an external IRQ or RESET. 


Stop Oscillator 
And All Clocks 
TCR Bit 7- 
0 
B,t 6- 
1 
Clear I Mask 


WAIT - 
The WAIT instruction places the MC146805F2 in 
a low-power consumption mode, but the WAIT mode con- 
sumes somewhat more power than the STOP mode. In the 
WAIT mode, the internal clock is disabled from all internal 
circuitry except the timer circuit; refer to Figure 17. Thus, all 
internal processing is halted, however, the timer continues 
to count normally. 
During the WAIT mode, the I bit in the condition 
code 
register is cleared to enable interrupts. 
All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled by software 
prior to entering the WAIT 
mode to allow a periodic exit from the WAIT mode. If an ex- 
ternal and a timer interrupt occur at the same time, the exter- 
nal interrupt is serviced first; then, if the timer interrupt re- 
quest is not cleared in the external interrupt routine, the nor- 
mal timer interrupt Inot the timer WAIT interrupt) is serviced 
since the MCU is no longer in the WAIT mode . 


The MCU timer contains an 8-bit software programmable 
counter Itimer data register! with a 7-bit software selectable 
prescaler. Figure 18 contains a block diagram of the timer. 
The counter may be preset under program control and decre- 
ments towards zero. When the counter decrements to zero, 
the timer interrupt request bit li.e., bit 7 of the timer control 
register ITCR)) is set. Then, if the timer interrupt is not mask- 
ed li.e., bit 6 of the TCR and the I bit in the condition code 
register are both c1earedlthe processor receives an interrupt. 
After completion of the current instruction, 
the processor 
proceeds to store the appropriate registers on the stack and 
then fetches the timer vector address from locations $7F8 
and $7F9 lor $7F6 and $7F7 if in the WAIT model in order to 
begin servicing. 
The counter continues to count after It reaches zero allow- 


ing the software to determine the number of internal or ex- 
ternal input clocks since the timer interrupt request bit was 
set. The counter may be read at any time by the processor 
without 
disturbing the count. 
The contents of the counter 
become stable, prior to the read portion of a cycle, and do 
not change during the read. The timer interrupt request bit 
remains set until cleared by the software. TCR7 may also be 
used as a scanned status bit in a non-interrupt 
mode of 
operation ITCR6= 11. 
The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output within the range of + 1 to + 128which is used as the 
counter input. The processor cannot write into or read from 
the prescaler, however, its contents are cleared to all "Os" by 
the write operation into TCR when bit 3 of the written data 
equals one. This allows for truncation-free counting. 
The timer 
input 
can be configured 
for three different 
operating modes plus a disable mode depending on the value 
written 
to the TCR4 and TCR5 control 
bits. Refer to the 
Timer Control Register section. 


TIMER INPUT MODE 1 


If TCR5 and TCR4 are both programmed to a "0", 
the in- 
put to the timer is from an internal clock and the TIMER in- 
put pin is disabled. The internal clock mode can be used for 


• 


• 


Oscillator Active 
ClearI-Bit 


Timer Clock Active 
All Other Clocks 
Stop 


Fetch External 
Interrupt, 
Reset. 


or Timer Interrupt 
Vector (from Wait 
Mode only! 


periodic interrupt generation as well as a reference in fre- 
quency and event measurement. The internal clock is the in- 
struction cycle clock'. During a WAIT instruction, the internal 
clock to the timer continues to run at its normal rate. 


TIMER INPUT MODE 3 


If TCR5 = 1 and TCR4 = 0, all inputs to the timer are dis- 


abled. 


TIMER INPUT MODE 2 


With TCR5 = 0 and TCR4 = 1, the internal clock and the 


TIMER input pin are ANDed to form the timer input signal. 
This mode can be used to measure external pulse widths. 
The external timer input pulse simply turns on the internal 
clock for the duration of the pulse. The resolution of the 
count in this mode is ± one internal clock and therefore, ac- 
curacy improves with longer input pulse widths. 


TIMER INPUT MODE 4 


If TCR5= 1 and TCR4= 1, the internal clock input to the 
timer is disabled and the TIMER input pin becomes the input 
to the timer. The timer can, in this mode, be used to count 
external events as well as external frequencies for generating 
periodic interrupts. 
The counter is clocked on the falling 
edge of the external signal. 


Figure 18 shows a block diagram of the timer subsystem. 
Power-on reset and the STOP instruction invalidate the con- 
tents of the counter. 


• 
Timer 
8-Blt 
Read/Write 
Counter 
7-81t Software 
Selectable 
Prescaler 
Input PIn 
TImer Interrupt 


Cleared 
by TCA3 
, 


NOTES: 


1. Prescaler and timer data register are clocked on the falling edge of the internal clocks or external input. 
2. The timer data register counts down continuously. 


TIMER CONTROL REGISTER (TCRI 


6 
5 
3 


TCR7 - 
Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic" 1" . 


1 - 
Set whenever the counter decrements to zero or 
under program control. 


o - 
Cleared on external mrr, power-on reset, STOP 
instruction, or program control. 


TCR6 - 
Timer interrupt mask bit: when this bit is a logic 
"1", 
it inhibits the timer interrupt to the processor. 


1 - 
Set on external ~, 
power-on reset, STOP in- 


struction, or program control. 


o - 
Cleared under program control. 


TCR5 - 
External or internal bit: selects the input clock 
source to be either the external timer pin or the internal 
clock. (Unaffected by RESET.I 
1 - 
Select external clock source. 


o - 
Select internal clock source. 


TCR4 - 
External enable bit: control bit used to enable the 
external TIMER pin. (Unaffected by lITSET.1 
1 - 
Enable external TIMER pin. 
o - 
Disable external TIMER pin. 


TCR5 
TCR4 


0 
0 
Internal Clock to Timer 


0 
1 
AND of Internal Clock and TIMER 
Pin to Timer 


1 
0 
Inputs to Timer Disabled 
1 
1 
TIMER Pin to Timer 


TCR3 - 
Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates "0". 
(Unaffected bym.l 


TCR2, TCRl, 
TCRO - 
Prescaler select bits: decoded to 
select one of eight outputs on the prescaler. (Unaffected by 
trr5rr.1 


TCR2 
TCRl 
TCRO 
Result 


0 
0 
0 
+1 


0 
0 
1 
+2 


0 
1 
0 
+4 


0 
1 
1 
+8 


1 
0 
0 
+16 


1 
0 
1 
+32 


1 
1 
0 
+64 


1 
1 
1 
+ 128 


The MCU has a set of 61 basic instructions. They can be 
divided into 
five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs briefly explain each type. All the in- 
structions within 
a given type are presented in individual 


tables. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of 
these 
instructions 
use two 
operands. 
One 
operand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the ad- 
dressing modes. The operand for the jump unconditional 
IJMPI and jump to subroutine IJSRI instructions is the pro- 
gram counter. Refer to Table 4. 


• 


• 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These instructions read a memory location or a register, 
modify or test its contents, and write the modified value 
back to memory or to the register. The test for negative or 
zero ITSTI instruction is an exception to the read-modify- 
write sequence since it does not modify the value. Refer to 
Table 5. 


BRANCH INSTRUCTIONS 


Most branch instructions test the state of the condition 
code register and, if certain criteria are met, a branch is ex- 
ecuted. This adds an offset between - 127and + 128to the 
current program counter. Refer to Table 6. 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 128 bytes of the memory space where all 
port registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within the first 256 
locations. The bit set, bit clear, and bit test and branch func- 
tions are Implemented with a single instruction. 
For the test 
and branch instructions, 
the value of the bit tested is also 
placed in the carry bit of the condition code register. Refer to 
Table 7. 


CONTROL INSTRUCTIONS 
These instructions are register reference instructions and 
are used to control processor operation during program ex- 
ecution. Refer to Table 8. 


OPCODE MAP 


Table 9 is an opcode map for the instructions used on the 
MCU. 


ALPHABETICAL 
LISTING 


The complete instruction set is given in alphabetical order 
in Table 10. 


The MCU uses ten different addressing modes to provide 
the programmer with an opportunity to optimize the code to 
all situations. The various indexed addressing modes make it 
possible to locate data tables, code conversion tables, and 
scaling tables anywhere in the memory space. Short indexed 
accesses are single-byte instructions while the longest in- 
structions 
Ithree bytes) permit tables throughout 
memory. 
Short and long absolute addressing is also included. Two- 
byte direct addressing instructions access all data bytes in 
most applications. 
Extended addressing permits jump in- 
structions to reach all memory. Table 10 shows the address- 
ing modes for each instruction with the effects each instruc- 
tion has on the condition code register. An opcode map is 
shown in Table 9. 
The term "Effective Address" lEA) is defined as the byte 
address to or from which the argument for an instruction is 
fetched or stored. The ten addressing modes of the pro- 
cessor are described below. Parentheses are used to indicate 


"contents 
of," 
an arrow indicates "is replaced by," and a 
colon indicates "concatenation of two bytes." For additional 
details and graphical illustrations, refer to the M6805 Family 
User Manual. 


INHERENT 


In inherent instructions, 
all the information 
necessary to 
execute the instruction is contained in the opcode. Opera- 
tions specifying only the index registers or accumulator and 
no other arguments are included in this mode. 


IMMEDIATE 


In immediate addressing, the operand IScontained in the 
byte immediately following the opcode. Immediate address- 
ing is used to access constants which do not change during 
program execution le.g., a constant used to initialize a loop 
counter). 


DIRECT 


In the direct addressing mode, the effective address of the 
argument is contained in a single byte following the opcode 
byte. Direct addressing allows the user to directly address 
the lowest 256 bytes in memory with a single two-byte in- 
struction. 
This includes all on-chip RAM and I/O registers 
and 128bytes of on-chip ROM. Direct addreSSingis efficient 
in both memory and time. 


EA~IPC+1I; 
PC+PC+2 
Address Bus High-a; 
Address Bus Low-IPC+ 
11 


EXTENDED 


In the extended addressing mode, the effective address of 
the argument is contained in the two bytes following the op- 
code. 
Instructions 
with 
extended 
addressing mode~; are 
capable of referencing arguments anywhere in memory with 
a single three-byte instruction. 
When using the Motorola 
assembler, the user need not specify whether an instruction 
uses 
direct 
or 
extended 
addressing. 
The 
assembler 
automatically selects the most efficient addressing mode. 


EA~IPC+ 
1I:IPC+21; 
PC-PC+3 
Address Bus High-IPC 
+ 1); Address Bus Low-IPC 
+ 2) 


INDEXED, NO-OFFSET 
In the indexed, no-offset addressing mode, the effective 
address of the argument 
is contained 
in the 8-bit index 
register. Thus, this addressing mode can access the first 256 
memory locations. 
These instructions 
are only one byte 
long. This mode is used to move a pointer through a table or 
to address a frequently referenced RAM or I/O location. 


EA~X; 
PC-PC+l 
Address Bus High-a; 
Address Bus Low-X 


INDEXED, S-BIT OFFSET 


Here the EA is obtained by adding the contents of the byte 
following the opcode to that of the index register, therefore, 
the operand is located anywhere within 
the lowest 
511 
memory locations. For example, this mode of addressing is 
useful for selecting the mth element in an n element table. All 
instructions are two bytes. The content of the index register 


(XI is not changed. The content of (PC+ 1) is an unsigned 
8-bit integer. One-byte offset indexing permits look-up tables 
to be easily accessed in either RAM or ROM. 


EA=X+(PC+1); 
PC-PC+2 


Address Bus High-K; 
Address Bus Low-X+IPC+1) 


where K = The carry from the addition of X + IPC+ 1I 


INDEXED, 16-81T OFFSET 


In the indexed, 16-bit offset addressing mode, the effec- 
tive address is the sum of the contents of the unsigned 8-bit 
index register and the two unsigned bytes following the op- 
code. This addressing mode can be used in a manner similar 
to indexed 8-bit offset. except that this three-byte instruction 
allows tables to be anywhere in memory (e.g., jump tables in 
ROM). As with direct and extended, the M6805 assembler 
determines the most efficient form of indexed offset - 
8 or 
16 bit. The content of the index register is not changed. 


EA=X+[(PC+11:IPC+2)]; 
PC-PC+3 


Address Bus High-IPC+ 
1)+ K; 


Address Bus Low- 
X + IPC + 2) 
where K = The carry from the addition of X + IPC + 2) 


RELATIVE 


Relative addressing is only used in branch instructions. In 
relative addressing, the contents of the 8-bit signed byte 
following the opcode Ithe offset) is added to the PC if and 
only if the branch condition is true. Otherwise, control pro- 
ceeds to the next instruction. The span of relative addressing 
is limited to the range of 
- 126 to 
+ 129 bytes from the 
branch instruction opcode location. The Motorola assembler 
calculates the proper offset and checks to see if it is within 
the span of the branch. 


EA= PC+ 2+ (PC+ 1); PC- 
EA if branch taken; 


otherwise, PC- 
PC+ 2 


BIT SET/CLEAR 


Direct addressing and bit addressing are combined in in- 
structions which set and clear individual memory and I/O 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 128addressable locations are thus accessed. The bit to 
be modified within that byte is specified with three bits of the 
opcode. The bit set and clear instructions occupy two bytes: 
one for the opcode lincluding the bit numberl and the sec- 
ond for addressing the byte which contains the bit of in- 
terest. 


EA=IPC+1); 
PC-PC+2 


Address Bus High-O; 
Address Bus Low-(PC+ 
1) 


BIT TEST AND BRANCH 


Bit test and branch is a combination of direct addressing, 
bit addressing, and relative addreSSing. The bit address and 
condition (set or clear) to be tested is part of the opcode. 
The address of the byte to be tested is in the single byte im- 
mediately following 
the opcode byte lEA 1l. The signed 
relative 8-bit offset is in the third byte IEA21and is added to 
the PC if the specified bit is set or cleared in the specified 
memory location. This single three-byte instruction allows 
the program to branch based on the condition of any bit in 
the first 256 locations of memory. 


EAl = IPC+ 1) 
Address Bus High-O; 
Address Bus Low-IPC+1) 
EA2=PC+3+IPC+2); 
PC-EA2 
if branch taken; 
otherwise, PC- 
PC+ 3 


• 


• 


Addressing 
Mode. 


Immediate 
Direct 
Extended 
Indexed 
Indexed 
Indexed 
INo Offset} 
IS-Bit Offset! 
116-Bit Offset} 


Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 


Function 
Mnemonic 
Code 
Byte. 
Cycle. 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from Memory 
LOA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
06 
3 
5 


Load X from Memory 
LOX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
OE 
3 
5 


Store 
A In Memory 
STA 
- 
- 
- 
B7 
2 
4 
C7 
3 
5 
F7 
1 
4 
E7 
2 
5 
07 
3 
6 


Store X In Memory 
STX 
- 
- 
- 
BF 
2 
4 
CF 
3 
5 
FF 
1 
4 
EF 
2 
5 
OF 
3 
6 


Add Memory 
to A 
AOO 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
OB 
3 
5 
Add Memory 
and 
AOC 
3 
09 
3 
5 
Carry 
to A 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
E9 
2 
4 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
00 
3 
5 


Subtract 
Memory 
from 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
02 
3 
5 
A with Rnrrnw 


ANO 
Memory 
to A 
ANO 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
04 
3 
5 


OR Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
OA 
3 
5 


Exclusive 
OR Memory 
EOR 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
OB 
3 
5 
with A 


Anthmetlc 
Compare A 
CMP 
Al 
2 
2 
Bl 
2 
3 
Cl 
3 
4 
Fl 
1 
3 
El 
2 
4 
01 
3 
5 
with Memory 


ArithmetIc 
Compare 
X 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
03 
3 
5 
with Memory 


Bit Test Memory with 
BIT 
A5 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A I Loalcal 
Compare I 


Jump Unconditional 
JMP 
- 
- 
- 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
OC 
3 
4 


Jump to Subroutine 
JSR 
- 
- 
- 
BO 
2 
5 
CO 
3 
6 
FD 
1 
5 
ED 
2 
6 
00 
3 
7 


Addressing 
Modes 


Inherent 
tA} 
Inherent {Xl 
Direct 
Indexed 
Indexed 


(No Offsetl 
IS-Bit Offset) 


Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Byte. 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
3 
5C 
1 
3 
3C 
2 
5 
7C 
1 
5 
6C 
2 
6 


Decrement 
OEC 
4A 
1 
3 
5A 
1 
3 
3A 
2 
5 
7A 
1 
5 
6A 
2 
6 


Clear 
CLR 
4F 
1 
3 
5F 
1 
3 
3F 
2 
5 
7F 
1 
5 
6F 
2 
6 


Complement 
COM 
43 
1 
3 
53 
1 
3 
33 
2 
5 
73 
1 
5 
63 
2 
6 


Negate 
NEG 
40 
1 
3 
50 
1 
3 
30 
2 
5 
70 
~ 
5 
60 
2 
6 
12'5 Complementl 


Rotate 
Left Thru 
Carry 
ROL 
49 
1 
3 
59 
1 
3 
39 
2 
5 
79 
1 
5 
69 
2 
6 


Rotate 
Right 
Thru 
ROR 
46 
, 
3 
56 
1 
3 
36 
2 
5 
76 
1 
5 
66 
2 
6 


Carry 


Logical 
Shift 
Lelt 
LSL 
48 
1 
3 
08 
1 
3 
38 
2 
5 
78 
1 
5 
68 
2 
6 


Logical 
Shift 
Righi 
LSR 
44 
1 
3 
54 
1 
3 
34 
2 
5 
74 
1 
5 
64 
2 
6 


Arithmetic 
Shift Right 
ASR 
47 
1 
3 
57 
1 
3 
37 
2 
5 
17 
I 
5 
67 
2 
6 


Test for Negative 
TST 
40 
1 
3 
50 
1 
3 
30 
2 
4 
7D 
1 
4 
60 
2 
5 
or Zero 


Relative 
Addressing 
Mode 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytes 
Cycles 


Branch 
Always 
BRA 
20 
2 
3 


Branch 
Never 
BRN 
21 
2 
3 


Branch 
IFF Higher 
BHI 
22 
2 
3 


Branch 
IFF Lower 
or Same 
BLS 
23 
2 
3 


Branch 
IFF Carry Clear 
BCC 
24 
2 
3 


IBranch 
IFF Higher 
or Samel 
IBHS) 
24 
2 
3 


Branch 
IFF Carry Set 
BCS 
25 
2 
3 


IBranch 
IFF Lower) 
IBLOI 
25 
2 
3 


Branch 
IFF Not Equal 
BNE 
26 
2 
3 


Branch 
IFF Equal 
BEQ 
27 
2 
3 


Branch 
IFF Half Carry Clear 
BHCC 
2B 
2 
3 


Branch 
IFF Half Carry Set 
BHCS 
29 
2 
3 


Branch 
IFF Plus 
BPL 
2A 
2 
3 


Branch 
IFF Minus 
BMI 
2B 
2 
3 


Branch 
IFF Interrupt 
Mask 
Bit 
15 Clear 
BMC 
2C 
2 
3 


Branch 
IFF Interrupt 
Mask 
Bit is Set 
BMS 
20 
2 
3 


Branch 
IFF Interrupt 
Line is Low 
BIL 
2E 
2 
3 


Branch 
IFF Interrupt 
Une is High 
BIH 
2F 
2 
3 


Branch 
to Subroutine 
BSR 
AD 
2 
6 
• 


Addressing 
Modes 


B~ Set/Clear 
Bit Test and Branch 


Function 
Mnemonic 
Op 
, 
, 
Op 
, 
, 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch 
IFF Bit n is Set 
BRSET 
n In=O .. 71 
- 
- 
- 
2·n 
3 
5 


Branch 
IFF Bit n IS Clear 
BRCLR 
n In=O 
.. 71 
- 
- 
- 
01 + 2-0 
3 
5 


Set Bit n 
BSET n In=O .. 71 
10+ 2-n 
2 
5 
- 
- 
- 


Clear Bit n 
BCLR n In=O 
.. 7) 
11 + 2-0 
2 
5 
- 
- 
- 


Inherent 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytee 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
2 


Transfer 
X to A 
TXA 
9F 
1 
2 


Set Carry 
Bit 
SEC 
99 
1 
2 


Clear Carry Bit 
CLC 
98 
1 
2 


Set Interrupt 
Mask 
Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask 
Bit 
Cli 
9A 
1 
2 


Software 
Interrupt 
SWI 
B3 
1 
10 


Return 
from 
Subroutine 
RTS 
B1 
1 
6 


Return 
from 
Interrupt 
RTI 
00 
1 
9 


Reset Stack 
Pointer 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
1 
2 


Stop 
STOP 
BE 
1 
2 


Wait 
WAIT 
BF 
1 
2 


• 


Bit Mini 
ulttion 
Brench 
Read·Modify-Write 
Control 
Reai~.,I Memory 


INH 
1 
I 
H 
DIR 
I 


~ 
~ 
r1.o 
~, 
o~ 
O,~, 
o~o 
0,7" 
8 
9 
A 
8 


11~ 


0 
11~O 
1,'"" 
H~ow 
<XlO1 
'<XlO 
'00' 
1010 
1011 
1101 


BSE1~: 


6 
ATI 
':l 
SUB,., 
SUB 
,: 
~ 
~ 
BRSEJ~. 
BRAR~' 
NEGn" 
NEG 
1NH 
NEG 


1NH 
NEG 
NEG 
SU~MM 
SUB[}IR 
SU~XT 
SUB1y'l 
, 
I 
IXI 
I 
I 
I 
INH 
S 
, 
, 
6 
, 
, 
4 
, 
4 
, 


cxi., 
BRCL:,O, 
BCL~~c 
BR""" 
RTS 
CMP 
CMP 
CM~XT 
CMP 
CMP 
CMP 
1 
, 
INH 
IMM , 
D" 
, 
IX 
IXI 
I 
IX 
<XlO' 


BRSEJ/ 
, 
, 
, 
SBC 
J 


4 
SBC 
J 
2 
I , BSE1;r 
BHI", 
SBC 
SB~XT 
SBC 
SBC 
2 


0010 
IMM , 
-n" 
, 
1'1 
IX' , 
IX 
00'0 


3BACL~/' 
, 
, 
, 
, 
, 
6 
, 
10 
, 
CPX 
J 


4 
CPX 
J 
JI1 
I , BCL~;r 
BLS", 
COM 
nlR 
1 COM~H 
1 COM~H 
COM 
COM 
SWI 
CPX 
CPX'XT 
CPX 
CPX 
~11 
IXI , 
IX , 
INH 
IMM , 
"0" 
, 
'x 
IXI 
I 
'x 


BRSEJl 
, 
, 
S 
, 
, 
6 
, 


AND 
J 


4 
4 
AND 
J 
4 
I 
, 
BSE1~c 
BCC,,, 
LSRDTA ' 
LSRA 
LSRX 
LSR 
LSR 
AND 
AN~XT 
AND 
AND 


n~ 
'00 
I 
INH 
I 
'NH 
IXI 
I 
IX 
'MM , 
-nlA 
, 
'x 
'XI , 
'x 


BRCL:/ 
, 
, 
, 


, 
BIT "I: 


4 
4 
BIT 
' 
5 
I ,BCL~~r 
BCS,,, 
BI~uu 
BITr:XT 
, 
BIT IX' 
BIT IX' 
o,~, 
II 
IX 


BRSEJl 
, 
, 
, 
, 
, 
6 
, 
, 
LOA' 


4 
, 
4 
, 


l~O 
, BSE1~c 
BNE,,, 
RORo" 
RDRA 
RDRX 
ROR 
ROR 
LOA 
LO~XT 
LOA 
LOA 
LOA 


1~1'I 
I 
'NH 
, 
INH 
IX' 
I 
, 
'MM , 
'DI' 
, 
'x 
'XI 
I 
'x 


BRCL~/ 
, 
, 
, 
, 
, 
6 
S 
, 


7 
, BCL~~r 
BED,,, 
ASR 
nlR 
ASRA 
1 ASR~NH 
ASR 
ASR 
TAX 
STAnll=l 
ST~XT 
, 
STA 
STA 
STA 


01 
7 


11 
"' 
I 
INH 
'XI 
I 
'x 
I 
INH 
, 
'X 
IX' 
I 
'x 


BRSEJ:: 
, 


LSL 
' 
3 
3 
6 
LSL 
' 
, 
3 
4 
4 
EaR 
J 
I~ 
, BSE1~c 
BHC~" 
LSLA 
1 lSl~NH 
LSL 
CLC'NH I, EO~UM 
, 
EORo" 
EO~XT 
3 
EaR 
, 
EaR 
B 


-01 
, 
INH 
IXI 
I 
'x 
IX 
'X, , 
'x 
1<XlO 
, 
, 
3 
, 
3 
3 
6 
, 
, 
, 
3 
4 
4 


ADC 
J 
9 
,BACL::, 
BCL~~r 
BHC~" 
ROL 


nlR 
ROLA 
ROLX 
ROL 
ROL 
SEC 
I, ADC 
ADC 
ADC 
ADC 
ADC 
9 


'001 
I 
'NH 
I 
, H 
'XI , 
IX 
I 
'NH 
'MM , 
D" 
3 
EXT 
3 
''1 , 
'X, , 
'X 
1001 


BRSEJ?: 
, 
3 
, 
3 
3 
6 
S 


ORAD1: 
'I 
OR~XT 


ORA 
J 


l~n 
BSE1~r 
BPl 
RFI 
OEC 
nlR 
DECA 
DECX 
DEC 
DEC 
CLI 
ORA 
ORA 
ORA 
A 
I 
INH 
I 
INH , 
IXI , 
IX 
I 
INH , 
'MM , 
, 
1'1 , 
'X, , 
IX 
1010 
.' 
S 


BMI 
3 
SEI 
' 
ADD' 
ADD 
J 
B 
,BRCL:T5, 
BCL~~c 
I, ADD 
3 
ADD 
ADD 
, 
ADD 
B 
'" 
'" 


1 
'NH 
'MM , 
-0" 
EXT 
3 
'X 
'X, , 
IX 
lOll 


BRSEJ~: 
BMC 
J 
S 
3 
3 
6 
S 
RSP 
, 
JMP 
, 
,fm 
BSE1~r 
(Ne 
niR 
INCA 
INCX 
INC 
INC 
JMP 
JMP 
JMP 
, 
JMP 
C 
'" 


I 
'NH 
I 
'NH 
IXI , 
IX 
, 
'NH 
, 
D" 
3 
EXT , 
'X, 
'X, , 
'X 
1100 


BMS 
J 
4 
, 
4 
Nap' 


6 


JSR 
' 
D 
BRCL:T6, 
BCL~~c 
TSTo" 
TSTA 
TSTX 
TST 
TST 
I? 
BSARI=L 
2 
JSR nlR 
JSR 
JSR 
JSR 
D 
111 
A" 
I 
INH 
I 
'NH 
'XI , 
'x 
1 
INH 
, 
EXT 
3 
''1 , 
'XI , 
'X 
111 


BRSW: 


s 
3 
, 
LDX 
J 
l1E,n 
BSE1~r 
BIL 


RFI 
STOP 
I, 
LDX 
LDX 
LOX 
LDX 
LDX 
E 
, 
INH 
'M" , 
D" 
3 
EXT 
3 
'X 
IXI , 
IX 
\110 


F 
BIH 
J 
CLR 
' 
3 
3 
6 
CLR 
' 
WAIT 
' 
TXA 
' 
BRCLR7 
BCLR7 
CLRA 
CLRX 
CLR 
STX 
STX 
STX 
STX 
STX 
F 


1111 
3 
'" , 
esc , 
REL , 
D" , 
'NH , 
INH , 
'X, 
1 
'X 
I 
'NH , 
'NH 
, 
01' 
3 
EXT 
3 
'X, , 
IX' 
I 
IX 
1111 


Inherent 
Immediate 


Direct 
Extended 
Relalive 
Bit Sell Clear 
Bil Test and Branch 
Indexed 
INo Offsell 


Indexed, 
1 Byte IB-Bit) 
Offset 


Indexed,2 
Byte 116-Bill 
Offset 


Addressing 
Modes 
Condition 
Codes 


Indexed 
Indexed 
Indexed 
Bit 
Bit 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
INo 
Offsetl 
18 Bits) 
116 Bitsl 
Setl 
Test & 
H 
I 
N 
Z 
C 
Clear 
Branch 


ADC 
X 
X 
X 
X 
x 
X 
A 
A 
A 
A 


ADD 
X 
X 
X 
X 
X 


AND 
X 
X 
X 
x 
X 
X 
A 
A • 


AsL 
X 
X 
X 
X 
A 
A 
A 


AsR 
x 
X 
X 
X 
A 
A 
A 


BCC 
X 
• • 
BCLR 
X 
• • 
BCs 
X 
• • 
BED 
X 
• • 
BHCC 
X 
• • 


BHCs 
X 
• • 
BHI 
X 
• • 
BHs 
X 
• • 
BIH 
X 
• • 
BIL 
X 
• • 
BIT 
X 
X 
X 
X 
X 
X 
A 
A 


BLD 
X 


BLs 
X 


BMC 
X 


BMI 
X 


BMs 
X 


BNE 
X 
• .r. 


BPL 
X 


BRA 
X 


BRN 
X 


BRCLR 
X 


BRsET 
X 
A 


BsET 
X 
• 
BsR 
X 
• 


CLC 
X 
D 


Cli 
X 
D 
• 


CLR 
X 
X 
X 
X 
• 
D 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• 
A 
A 
A 


CDM 
X 
X 
X 
X 
• 
A 
A 
1 


CPX 
X 
X 
X 
X 
X 
X 
• 
A 
A 
A 


DEC 
X 
X 
X 
X 
• 
A 
A • 
EOR 
X 
X 
X 
X 
X 
X 
• 
A 
A • 


INC 
X 
X 
X 
X 
• 
A 
A • 
JMP 
X 
X 
X 
X 
X 
• • • • 


JsR 
X 
X 
X 
X 
X 
• • • • 


LDA 
X 
X 
X 
X 
X 
X 
• 
A 
A • 
LDX 
X 
X 
X 
X 
X 
X 
• 
LsL 
X 
X 
X 
X 
• 
A 
A 
A 


.LsR 
X 
X 
X 
X 
• 
D 
A 
A 


NEG 
X 
X 
X 
X 
• • 
A 
A 
A 


NOP 
X 
• • • • 


ORA 
X 
X 
X 
X 
X 
X 


• 
A 
A 
• 


ROL 
X 
X 
X 
X 
no A 7 •. 71.- 


ROR 
X 
X 
X 
X 
• 
A 
A 
A 


RsP 
X 
• • • • 
RTI 
X 
7 


RTs 
X 
• • • • 
sBC 
X 
X 
X 
X 
X 
X 
• 
A 
A 
A 


sEC 
X 
• • • 
1 


sEI 
X 
1 • • • 
sTA 
X 
X 
X 
X 
X 
• 
A 
A • 


STOP 
X 
0 • • • 
sTX 
X 
X 
X 
X 
X 
• 
A 
A • 
SUB 
X 
X 
X 
X 
X 
X 
• 
A 
A 
A 


sWI 
X 
1 • • • 
TAX 
X 


TsT 
X 
X 
X 
X 
• 
A 
A • 
TXA 
X 
• • • • 
WAIT 
X 
ro • • • 


Condlllon 
Code 
Symbols 


H 
Half 
Carry 
(From 
BI\ 3) 


I 
Interrupt 
Mask 
N 
Negatlve 
(Sign 
Bill 


Z 
Zero 
C 
Carryi 
BorlOW 


A 
Test and 
Set 
It True 
Cleared 
Otherwise 


• 
Not 
Affected 


) 
Load 
CC 
Reglslel 
FlOrn Stack 


Cleared 
Set 


• 


The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. 
This 
information 
may 
be 
transmitted 
to 
Motorola 
in the following 
media: 


EPROM MCM2716 
MOOS disk file 
To initiate a ROM pattern for the MCU it is necessary to 
first contact your local field service office, local sales person, 
or your local Motorola 
representative. 


EPROMs 


The 
MCM2716 
type 
EPROM, 
programmed 
with 
the 
customer 
program 
(positive 
logic 
sense for address 
and 
data), 
may 
be 
submitted 
for 
pattern 
generation. 
The 
customer program should begin at address $080 (the address 
at which customer ROM begins on the MCl46805F2) 
so that 
the 
EPROM 
maps 
directly 
into 
the 
MCl46805F2. 
If the 
customer 
program starts at any other address, please mark 
the EPROM accordingly. 
See Figure 19 for recommended 
marking procedure. 
After the EPROM is marked, it should be placed in a con- 
ductive 
IC 
carrier 
and 
securely 
packed. 
00 
not 
use 
styrofoam. 


VERIFICATION 
MEDIA 


All original pattern media (EPROM or floppy disk) are filed 
for contractual 
purposes and are not returned. 
A computer 
listing of the ROM code will be generated and returned along 
with 
a 
listing 
verification 
form. 
The 
listing 
should 
be 
thoroughly 
checked 
and the verification 
form 
completed, 


signed, 
and returned 
to Motorola. 
The signed verification 
form constitutes 
the contractual 
agreement 
for creation 
of 
the customer mask. If desired, Motorola will program a blank 
2716 EPROM (supplied by the customer! 
from the data file 
used to create the custom mask to aid in the verification 
pro- 
cess. 


ROM VERIFICATON 
UNITS 


Ten MCUs containing 
the customer's 
ROM pattern will be 
sent for program 
verification. 
These units will 
have been 
made using the custom 
mask but are for the purpose 
of 
ROM verification 
only. 
For expediency 
they are usually un- 


marked, 
packaged 
in ceramic, 
and tested 
only 
at 
room 
temperature 
and 5 volts. 
These RVUs are induded 
in the 
mask charge and are not production 
parts. These RVUs are 
not backed nor guaranteed by Motorola 
Quality Assurance. 


FLEXIBLE DISKS 


The disk media submitted 
must be single-sided, 
single- 
density, 
8-inch, 
MOOS-compatible 
floppies. 
The customer 
must write the binary file name and company 
name on the 
disk with a felt-tip pen. The floppies are not to be returned by 
Motorola as they are used for archival storage. The minimum 
MOOS system files as well as the absolute binary object file 
(file name. LO type of file) from the M6805 cross assembler 
must be on the disk. An object 
file made from a memory 
dump 
using the ROLLOUT 
command 
is also admissable. 
Consider submitting 
a source listing as well as the following 
files: filename, LX (EXORciser loadable format) and filename 
.SA (ASCII source code). These files will be kept confidential 
and used 1) to speed up the process in-house if any problems 
arise.and 2) to speed up our customer-to-factory 
interface if 
a user finds any software errors and needs assistance quickly 
from the factory representatives. 
MOOS is Motorola's 
Oisk Operating 
System available on 
development 
systems such as EXORciser, EXORsets, etc. 


OPTION LIST 


Select the options for your MCU from the following 
list. A manufacturing 
mask willl!>e generated from this information. 
Select 


one in each section. 


Internal Oscillator Input 
o Crystal 
o Resistor 


Internal Divide 


0+4 
0+2 


Interrupt 
o Edge-Sensitive 
o Level- and Edge-Sensitive 


• 


® MOTOROLA 


The 
MCl46805G2 
Microcomputer 
Unit 
IMCUI 
belongs 
to 
the 


Ml46805 
CMOS Family of Microcomputers. 
This 8-blt MCU contains 


on-chip oscillator, 
CPU, RAM, ROM, I/O, and TIMER. The fully static 


design allows operation at frequencies down to dc, further reducing its 


already 
low· power 
consumption. 
It is a low-power 
processor 
designed 


for low-end to mid-range applications 
in the consumer, automotive, 
in- 


dustrial, 
and communications 
markets 
where 
very low power 
consump- 


tion 
constitutes 
an 
important 
factor. 
The 
following 
are the 
major 


features of the MC146805G2 MCU. 


HARDWARE 
FEATURES 


• 
Typical Full Speed Operating 
Power of 12 mW at 5 V 


• 
Typical WAIT 
Mode Power of 4 mW 


• 
Typical STOP Mode Power of 51'W 


• 
Fully Static Operation 


• 
112 8ytes of On-Chip RAM 


• 
2106 Bytes of On-Chip ROM 


• 
32 BidirecliOnal I/O Lines 


• 
High Current Drive 


• 
Internal 8-Bit Timer with Software 
Programmable 
7-Bit Prescaler 


• 
External Timer Input 


• 
External and Timer Interrupts 


• 
Self-Check 
Mode 


• 
Master Reset and Power-On Reset 


• 
Single 3 to 6 Volt Supply 


• 
On-Chip Oscillator with RC or Crystal Mask Options 


• 
4O-Pin Dual-in-Line 
Package 


• 
Chip Carrier Also Available 


SOFTWARE 
FEATURES 


• 
Similar to the MC6800 


• 
Efficient 
Use of Program Space 


• 
Versatile Interrupt 
Handling 


• 
True Bit Manipulation 


• 
Addressing 
Modes with Indexed Addressing 
for Tables 


• 
Efficient 
Instruction 
Set 


• 
Memory Mapped I/O 


• 
Most Self-Check 
Routines User Callable 


• 
Two Power Saving Standby 
Modes 


PackageType 
Frequency IMHz) 
Temperature 
Generic Number 


Ceramic 
1.0 
O'C to 70'C 
MC14C'105G2L 
L SuffiX 
1.0 
-40°C 
to B5°C 
MCl46805G2CL 


Cerdip 
1.0 
O'C to 70'C 
MCl46805G2S 
S Suffix 
1.0 
- 40°C 
to 85°C 
MCl46805G2CS 


Plastic 
1.0 
O'C to 70'C 
MCl46805G2P 
P Suffix 
1.0 
- 40°C 
to 85°C 
MCl46805G2CP 


Leadless 
Chip 


Carrier 
1.0 
O'C to 70'C 
MC 146805G2Z 


Z Suffix 
1.0 
- 4O'C to 85'C 
MCl46805G2CZ 


CMOS 


IHIGH-PERFORMANCESILICON-GATEI 


8-BIT 


MICROCOMPUTER 


~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715 


~ 


SSUFFIX 


. . 
CERDIP 
PACKAGE 
I 
CASE 
734 


P SUFFIX 


PLASTIC 
PACKAGE 


CA$E711 


Z SUFFIX 


CHIP 
CARRIER 


CASE 
761 


PIN ASSIGNMENT 


RESET 
VDD 


IRO 
OSC1 


NUM 
OSC2 


PA7 
TIMER 


PA6 
PD7 


PA5 
PD6 


PA4 
PD5 


PA3 
PD4 


PA2 
PD3 


PAl 
PD2 


PAO 
13113> 
PD1 


P80 
13>129 
POO 


P81 
129128 
PCO 


P82 
128127 
PCI 


P83 
127)26 
PC2 


PB4 
126)25 
PC3 


P85 
125124 
PC4 


PB6 
124123 
PC5 


PB7 
123122 
PC6 


VSS 
122121 
PC7 


Pin numbers in parentheses 
represent eQuivalent Z 
suffix chip carrier pins. 


Ratings 
Symbol 
Value 
Unit 


Supply 
Voltage 
VD 
-0.3 
to +8.0 
V 


All Input 
Voltages 
Except 
OSCl 
Vin 
VSS-0.5 
to VDD+0.5 
V 


Current 
Drain Per Pin Excluding VOD and VSS 
I 
10 
mA 


Operating 
Temperature 
Range 
Tl 
to TH 


MCl46805G2 
TA 
o to 70 
°C 


MCl46805G2C 
-40 
to 85 


Storage Temperature 
Range 
Tstg 
-55to+150 
°C 


Current 
Drain Total 
IPD4-PD7 
onlyl 
10H 
40 
mA 


Characteristics 
Symbol 
Value 
Unit 


Thermal 
Resistance 
Plastic 
100 
Cerdip 
8JA 
60 
°C/W 
CeramIc 
50 
ChIp Carrier 
100 


ThiS deVice contains circuitry to protect the 


Inputs 
against 
damage 
due 
to 
high 
static 
voltages of electrlc fIelds; however. 
It IS ad- 
vised that 
normal 
precautions 
be taken 
to 
avoid application 
of any voltage higher than 


maximum 
rated 
vOltages 
to 
this 
high 
Im- 


pedance 
Circuit. 
For proper 
operation 
It IS 


reo)mmended 
that 
Vln 
and 
Vout 
be con- 


strained 
to 
the 
range 
VSS:s 
(Vin 
Or 
Voutl:S VDD. 
ReliabIlity 
of 
operation 
IS 
enhanced 
If unused Inputs except OSC2 and 
NUM are tied to an appropriate 
logiC vOltage 


levelle.g 
.• either 
VSS or VDDI. 


PAO 
Accumulator 
PCO 


PAl 
8 
A 
PCI 
Port 
Port 
PA2 
CPU 
Data 
Port 
PC2 
A 
Port 
Data 
Index 
C 
PA3 
Control 
DIr 
C 
PC3 
1/0 
A 
DIr 
RegIster 
10 
PA4 
8 
X 
Reg 
Reg 
PC4 
Lines 
Reg 
Reg 
LInes 
PA5 
Condition 
PC5 
PA6 
Code 
PC6 


PA7 
Register 
CC 
PC7 
CPU 
Stack 


plio 
6 
POinter 
S 
PDQ 


P81 
PDl 
Port 
P82 
Program 
Port 


8 


Port 
Data 
Counter 
Data 
Port 
PD2 
D 
P83 
8 
DIr 
DIr 
D 
PD3 
1/0 
PB4 
5 
High 
PCH 
ALU 
10 


Lines 
PB5 
Reg 
Reg 
Program 
Reg 
Reg 
PD4 
Lines 


PB6 
Counter 
PD5 


PB7 
8 
low 
PCl 
PD6 
PD7 


NOTE: 


See Pin Assignments 
diagram 
for equiva- 


lent chip carrier pin numbers. 


• 


Characteristics 
Symbol 
Min 
Max 
Unit 


Output 
Voltage 
ILoad'" 
10.0 ~A 
VOL 
- 
01 
V 


VOH 
VOO-O.l 
- 
V 


Output 
High Voltage 


IILoad= 
- 100 ~AI 
PBO·PB7, 
PCO-PC7 
VOH 
2.4 
- 
V 


IILoad= 
- 2 mAl 
PAO-PA7, 
POO-P03 
VOH 
2.4 
- 
V 


II Load = - 8 mAl 
P04-P07 
VOH 
2.4 
- 
V 


Output 
Low 
Voltage 


II Load = 800 ~AI 
All Ports 
VOL 
- 
0.4 
V 


PAO-PAl, 
PBG-PB7, 
PCO-PC7, POO-P07 


Input 
High Voltage 
Ports PAO-PA7, 
PBO-PB7, 
Peo·PC7, 
POO-P07 
VIH 
VOO-20 
VOO 
V 


TIMER, TIm, JITm, 
OSC1 
VIH 
VOO 
0.8 
VOO 
V 


Input 
Low Voltage 
All Inputs 
VIL 
VSS 
0.8 
V 


Total 
Supply 
Current 
tCL -50 
pF on Ports, 
no dc Loads, 
tcyc- 
1 ~sl 


RUN (VIL ~ 0.2 V, VIH = VOO - 0.2 VI 
100 
- 
4 
mA 


WAIT 
ISee Notel 
100 
- 
15 
mA 


STOP ISee Notel 
100 
- 
150 
~A 


I/O 
Ports Input 
Leakage 
PAO-PA7, 
P80-PB7, 
PCO·PC7, POO-P07 
IlL 
- 
±1O 
~A 


Input Current 
RESET, 
IRQ, TIMER, 
OSCI 
lin 
- 
±1 
~A 


Capacitance 


Ports 
Cout 
- 
12 
pF 


RESET, IRQ, TIMER, 
OSC1 
(in 
- 
8 
pF 


Characteristics 
Symbol 
Min 
Max 
Unit 


Output 
Voltage 
ILoad'" 
1.0 ~A 
VOL 
0.1 
V 


VOH 
VOO-O.l 
- 
V 


Output 
High Voltage 


IILoad= 
-50~AI 
PBO-PB7, 
Peo-PC7 
VOH 
1.4 
- 
V 


IILoad- 
-0.5 
mAl 
PAO-PA7, 
POO-P03 
VOH 
1.4 
- 
V 


IILoad = - 2 mAl 
P04-P07 
VOH 
1.4 
- 
V 


Output 
Low Voltage 


IILoad = 300 ~AI 
All Ports PAO-PA7, 
PBG-PB7, 
PCG-PC7, POG-P07 
VOL 
- 
03 
V 


Input 
High Voltage 
Ports PAG-PA7, 
PBO-PB7, 
PCG-PC7, POO-POl 
VIH 
2.7 
VOO 
V 


TIMER, 
IRQ, RESET, 
OSC1 
VIH 
2.7 
VOO 
V 


Input Low Voltage All Inputs 
VIL 
VSS 
0.3 
V 


Total Supply Current (no de Loads, lCyc= 5"sl 
RUN IVIL=O.1 
V, VIH~VOO-0.1 
VI 
100 
- 
0.5 
mA 


WAIT 
ISee Notel 
100 
- 
200 
~A 


STOP ISee Notel 
100 
- 
100 
~A 


I/O 
Ports 
Input 
Leakage 


PAO-PA7, 
PBO-PB7, 
Peo-PCl, 
POO-P07 
IlL 
- 
±5 
~A 


Input Current 
RESET, 
IRQ, TIMER, 
OSCl 
lin 
- 
±1 
~A 


Capacitance 


Ports 
Cout 
- 
12 
pF 


RESET, 
IRQ, TIMER, 
OSCl 
(In 
- 
8 
pF 


NOTE: 
Test conditions 
for IDO are as follows: 


All ports programmed 
as Inputs 
VIL =0.2 
V !PAG-PA7, 
PBG-PB7, 
PCO-PC7, POO-P071 


VIH = VOO - 0.2 V for RESET, 
IRQ, TIMER 
05Cl 
input IS a squarewave 
from 0.2 V to VOO-O.2 
V 
OSC2 output 
load 
= 
20 pF (walt 
100 
IS affected 
linearly 
by the OSC2 capacltancel. 


TABLE 
1 - 
CONTROL 
TIMING 


(VOO= 
5.0 Vdc ± 10%, 
VSS =0, 
T A =0' 
to 70'C, 
fosc= 
4 MHzl 


Characteristics 
Symbol 
Min 
Max 
Un~ 


Crystal 
Oscillator 
Startup 
Time 
I Figure 
11) 
tOXOV 
- 
100 
ms 


Stop 
Recovery 
Startup 
Time 
(Crystal 
Oscillator) 
(Figure 
12) 
tlLCH 
- 
100 
ms 


T;mer 
Pulse Width 
(Figure 
101 
tTH, 
tTL 
0.5 
- 
leyc 


Reset Pulse Width 
I Figure 
11! 
tRL 
1.5 
- 
leyc 


Timer 
Period 
IFigure 
101 
tTLTL 
1.0 
- 
tcye 


Interrupt 
Pulse Width 
Low 
IFigure 
211 
tlLlH 
1.0 
- 
teye 


Interrupt 
Pulse Period 
I Figure 211 
tlLlL 
* 
- 
leye 


OSCl 
Pulse Width 
tOH, 
tOL 
100 
- 
ns 


Cycle Time 
teye 
1000 
- 
ns 


Frequency of Operation 
fose 
Crystal 
- 
40 
MHz 


External 
Clock 
'ose 
OC 
4.0 
MHz 


Port 
R1 
R2 
Band 
C 
24.3 kO 
4.32 kO 


A, PDO-P03 
1.21 kO 
3.1 kO 


PD4-P07 
3000 
1.64 kO 


ILoad 
MMD6150 
R2 
- 


or Equiv. 
ISee 
Table! 


50 pF 
Rl 
MM07000 
ISee 
or Equiv. 
Table! 


FIGURE 3 - 
TYPICAL 
OPERATING 
CURRENT 
vs INTERNAL 
FREQUENCY 
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OSC2**------------~ 
~ 
~ 


IRQ 
~IIIIIIIIIII; 
III 


I Edge- 
teye 


Sensitive 
Only} 


IRQ 
or 
RESET 


VDD and VSS 
Power is supplied to the MCU using these two pins. VOO 
is power and VSS is ground. 


IRQ (MASKABLE 
INTERRUPT REQUEST) 


IRQ is mask option selectable with the choice of interrupt 


sensitivity 
being both 
level-sensitive, and negative edge- 


sensitive or negative edge-sensitive only. The MCU com- 
pletes the current instruction 
before it responds to the re- 


quest. If IRQ is low and the interrupt mask bit II bitl in the 
condition code register is clear, the MCU begins an interrupt 
sequence at the end of the current instruction. 


If the mask option is selected to include level sensitivity, 
then the IRQ input requires an external resistor to VOO for 
"wire-OR" 
operation. See INTERRUPTS for more detail. 


RESET 


The RESET input is not required for start-up but can be 
used to reset the MCU's internal state and provide an orderly 
software start-up procedure. Refer to RESETS for a detailed 
description. 


TIMER 
The TIMER input may be used as an external clock for the 


on-chip 
timer. 
Refer to TIMER for additional 
information 


about the timer circuitry. 


NUM - 
NON-USER MODE 


This pin is intended for use in self-check only. In user ap- 


plications, 
connect 
this pin to ground 
through 
a 10 kG 
resistor. 


OSC1,OSC2 


The MC146805G2 can be configured 
to accept either a 
crystal 
input 
or an RC network 
to control 
the internal 
oscillator. Additionally, the internal clocks can be derived by 
either 
a divide-by-two 
or 
divide-by-four 
of 
the 
internal 
oscillator output frequency Ifoscl. Both of these options are 
mask selectable. 


RC - 
If the RC oscillator option is selected, then a resistor 
is connected to the oscillator pins as shown in Figure 13ldl. 
The relationship between Rand fosc is shown in Figure 14. 


CRYSTAL - 
The circuit shown in Figure 13(b) is recom- 


mended when 
using a crystal. 
The internal 
oscillator 
is 


designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency range specified for fosc in 
the electrical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Crystal fre- 
quency limits are also affected 
by VOO. Refer to Control 
Timing Characteristics for limits. See Table 1. 


EXTERNAL CLOCK - 
An external clock should be ap- 


plied to the OSCl input with the OSC2 input not connected, 
as shown in Figure 131c1.An external clock should be used 
with the crystal oscillator mask option only. The tOXOV or 
tlLCH specifications do not apply when using an external 
clock input. 


PA9-PA7 


These eight 1/0 lines comprise Port A. The state of any pin 


is software programmable. Refer to INPUT10UTPUT PRO- 
GRAMMING for a description of 1/0 programming. 
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Unconnected 


External Clock 


(e) External Clock Source Connections 


~~ 
>-'-'~ 
0.5 
~ 
"" 
0.2 
~ 
0.1 
bi 
0 


0.05 


0.02 


0.01 


FIGURE 
14 - 
TYPICAL 
FREQUENCY 
vs RESISTANCE 
FOR RC OSCILLATOR 
OPTION 
ONLY 


10 


= 


·4 
Only 
-~ 
.;:.. 
..••... 


......•... 


.••... 


• 


PBO-PB7 


These eight lines comprise Port B. The state of any pin is 
software 
programmable. 
Refer to INPUT/OUTPUT 
PRO- 


GRAMMING 
for a description 
of I/O programming. 


ware programmable. 
Refer to INPUT/OUTPUT 
PROGRAM- 


MING for a description 
of I/O programming. 


PCo-PC7 


These eight lines comprise Port C. The state of any pin is 
software 
programmable. 
Refer to 
INPUT/OUTPUT 
PRO- 
GRAMMING 
for a description 
of I/O programming. 


INPUT/OUTPUT 
PROGRAMMING 


Any port pin may be software 
programmed 
as an input or 
output 
by the state of the corresponding 
bit in the port data 
direction 
register !DDRI. 
A pin is configured 
as an output 
if 


its corresponding 
DDR bit is set to a logic 1. A pin is con- 


figured as an input if its corresponding 
DDR bit is cleared to 
a logic O. At reset, all DDRs are cleared, which configures all 
port pins as inputs. A port pin configured 
as an output 
will 
output 
the data in the corresponding 
bit of its port 
data 
latch. Refer to Figure 15 and Table 2. 


PDO-PD7 


These eight 
lines comprise 
Port. D. 
PD4-PD7 also are 
capable of driving LEDs directly. The state of any pin is soft- 


Internal 
MCl46805G2 
Connections 


1.1 


Typical Port 
Data DirectIon 


Register 


TYPical Port 
Register 


Pin 
P-7 
P-6 
P-5 
P-4 
P·3 
P·2 
P·1 
p-o 


tb) 


R/W* 
OOR 
110 Pin Function 


0 
0 
The 1/0 
pin is in input mode. Data 
IS written 
tnto the output data latch. 


0 
1 
Data IS wntten 
Into 
the output data latch and output to the 1/0 
pin. 


1 
0 
The state of the I/O 
pin is read. 


1 
1 
The I/O 
pin is in an output mode. The output data latch is read. 


$OO7F.When run, the test checks every RAM cell except for 
$OO7Fand $OO7Ewhich 
are assumed to contain 
the return 
address. 


A and X are modified. 
All RAM locations except the top 2 
are modified. 
(Enter at location $lF80.1 


The MC146805G2 self-check is performed 
using the circuit 
in Figure 16. Self-check 
is initiated by connecting 
NUM and 
TIMER pins to a logic 1 then executing 
a reset. After reset, 


five subroutines 
are called that execute the following 
tests: 


1/0 
- 
Functionally 
exercise ports A, B, C, D 


RAM - 
Walking 
bit test 


ROM - 
Exclusive OR with odd 1s parity result 


Timer - 
Functionally 
exercise timer 


Interrupts 
- 
Functionally 
exercise 
external 
and 
timer 
interrupts 


Self-check 
results are shown 
in Table 3. The following 


subroutines 
are available to user programs 
and do not re- 


quire any external hardware. 


ROM CHECKSUM 
SUBROUTINE 


Returns with Z bit cleared if any error was found, 
other- 


wise Z = 1. X = 0 on return, and A is zero if the test passed. 
RAM locations 
$Q04().$OO43are overwritten. 
(Enter at loca- 


tion $1F9B.1 


TIMER TEST SUBROUTINE 


Return with Z bit cleared if any error was found; otherwise 


Z=1. 
This routine runs a simple test on the timer. 
In order to 


work correctly as a user subroutine, 
the internal clock must 
be the clocking 
source 
and interrupts 
must 
be disabled. 


Also, 
on exit, 
the clock will 
be running 
and the interrupt 
mask not set so the caller must protect 
himself from inter- 


rupts if necessary. 


RAM SELF-CHECK SUBROUTINES 


Returns with the Z bit clear if any error is detected; 
other- 


wise the Z bit is set. 


The RAM test must be called with 
the stack pointer at 


,----<J 


RESET 1 
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NOTE: The RCOscillator Option 
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V 


I 2O[ 


Hz 


XTAL 
Option 
Shown 


• 


• 


Access 
Via 


Page 0 
Direct 
Addressing 


8063 
8064 


8181 


{ 


8182 


User 
Defined 
Interrupt 
Vectors 


8191 


P03 
P02 
POl 
PDQ 
Remarks 


1 
0 
1 
0 
Bad I/O 


1 
0 
1 
1 
Bad Timer 


1 
1 
0 
0 
Bad RAM 


1 
1 
0 
1 
Bad ROM 


1 
1 
1 
0 
Bad Interrupt or Request Flag 


Cycling 
Good 
Part 


All Others 
Bad Part 


f:~ 


255 


256 


I/O 
Ports 
Timer 
RAM 


128 Bytes 
Page 0 User ROM 


1968 Bytes 
User ROM 


80 Bytes 
Self-Check 
ROM 


5780 Bytes 
Unused* 


118 Bytes 
Self-Check 
ROM 
1- ____________ 


Timer Interrupt From Wait State Only 
1--- -- 
- 
______ 


Timer 
Interrupt 
1----- 


External Interrupt 
1----- 


SWI 
1--- -- 


Reset 


Port A Data 
Register 


Port B Data 
Register 


Port C Data 
Register 


Port 0 Data 
Register 


Port A Data 
Direction 
Register 


Port B Data Direction 
Register 


Port C Data 
Direction 
Register 


Port 0 Data 
Direction 
Register 


Timer 
Data 
Register 


Timer 
Control 
Register 


6 Bytes 
Unused* 


RAM 
1112 Bytes) 


I- 
/7 
-- 
-- 
/ 
/ 
/ 
/ 


" 
/ 
Stack 164 Bytes Maxi 
" 
" 
I..••. " 
•• 


$סס oo 
0 


$007F 


$0080 
2 


$ooFF 
3 


$0100 
4 


6 
$OOAF 
7 
$OOBO 
8 


9 
$OOFF 


$0900 
10 


15 


16 


$lF7F 


$lF80 
63 
64 
$lFF5 


$1FF6-$lFF7 


$1FF8-$1 FF9 


$lFFA-$lFFB 


$1FFC-$1FFD 


$lFFE-$lFFF 
127 


$סס oo 


$0001 


$0002 


$0003 


$0004 


$0005 


$0006 


$0007 


$0008 


$0009 


$oooA 


A and X register contents are lost; this routine counts how 


many times the clock counts in 128 cycles. The number of 
counts should be a power of two since the prescaler is a 
power of two. If not, the timer probably is not counting cor- 
rectly. The routine also detects if the timer is running at all. 
IEnter at location $lFB5.J 


The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts 
and 


subroutine calls. At power-up, 
the stack pointer is set to 


$OO7Fand it is decremented as data is pushed on the stack. 
When data is removed from the stack, the stack pointer is in- 
cremented. A maximum of 64 bytes of RAM is available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/ or subroutine 
stacking purposes, the unused bytes are usable for program 
data storage. 


The MCl46805G2 has a total address space of 8192 bytes 
of memory and I/O registers. The address space is shown in 
Figure 17. 


The first 128 bytes of memory Ifirst half of page zeroI are 
comprised of the I/O port locations, timer locations, and 112 
bytes of RAM. The next 2096 bytes lincluding the 128 bytes 
of the second half of page zero) comprise the user ROM. The 
10 highest address bytes contain the reset and the interrupt 
vectors. 


The MCl46805G2 contains five registers, as shown in the 


programming 
model in Figure 18. The interrupt 
stacking 
order is shown in Figure 19. 
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ACCUMULATOR 
IA) 


This accumulator is an 8-bit general purpose register used 
to hold operands, results of the arithmetic calculations, and 
data manipulations. 


INDEX REGISTER IXI 
The X register is an 8-bit register which is used during the 
indexed modes of addressing. 
It provides an 8-bit value 
which 
is used to create an effective 
address. The index 
register is also used for data manipulations with the read- 
modify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains the 
address of the next instruction to be executed by the pro- 
cessor. 


STACK POINTER ISPI 


The stack 
pointer 
is a 13-bit 
register containing 
the 
address of the next free location on the stack. When access- 
ing memory, the seven most significant bits are permanently 
configured to o00ooo1. These seven bits are appended to the 
six least significant register bits to produce an address within 
the range of $OO7Fto $0040. The stack area of RAM is used 
to store the return address on subroutine 
calls and the 
machine state during interrupts. During external or power-on 
reset, and during a reset stack pointer IRSP) instruction, the 
stack pointer is set to its upper limit I$OO7F).Nested inter- 
rupts and/or 
subroutines may use up to 64 Idecimall loca- 


tions, beyond which 
the stack pointer wraps around and 
points to its upper limit thereby losing the previously stored 
information 
A subroutine call occupies two RAM bytes on 
the stack, while an interrupt uses five RAM bytes. 


CONDITION CODE REGISTER (CCI 


The condition 
code 
register is a 5-bit 
register which 
indicates the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 


HALF CARRY BITS IHI - 
The H bit is set to a one when a 
carry occurs between bits 3 and 4 of the ALU during an ADD 
or ADC instruction. 
The H bit is useful in binary coded 
decimal subroutines. 


INTERRUPT MASK BIT III - 
When the I bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the I bit is set. the interrupt is latched and is 
processed when the I bit is next cleared. 


NEGATIVE (Nl 
- 
When set. this bit indicates that the 
result of the last arithmetic, logical, or data manipulation is 
negative Ibit 7 in the result is a logical 11. 


ZERO (Zl - 
When set. this bit indicates that the result of 
the last arithmetic, logical, or data manipulations is O. 


CARRY /BORROW IC) - 
When set, this bit indicates that 
a carry or borrow 
out of the arithmetic 
logic unit IALU) 
occurred during the last arithmetic operation. This bit is also 
affected during bit test and branch instructions, Shifts, and 
rotates. 


The MCl46805G2 has two reset modes: an active low ex- 


ternal reset pin IRESET) and a power-on reset function; refer 
to Figure 11 


RESET 


The RESET input pin is used to reset the MCU to provide 
an orderly software start-up procedure. When using the ex- 
ternal reset mode, the RESET pin must stay low for a mini- 
mum of one tCyc. The RESET pin is provided with a Schmitt 
Trigger input (internally) to improve its noise immunity. 


POWER-ON RESET 


The power-on reset occurs when a positive transition is 
detected on VDD. The power-on 
reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay from the time that the oscillator becomes 
active. If the external RESET pin is low at the end of the 1920 
tcyc time out, the processor remains in the reset condition. 
Either of the two types of reset conditions 
causes the 


following to occur: 


Timer control 
register interrupt 
request bit TCR7 is 
cleared to a "0". 
Timer control register interrupt mask bit TCR6 is set to 
a "1". 


All data direction 
register bits are cleared to logical 
zeros. All ports are defined as inputs. 
Stack pointer is preset to $OO7F. 


The internal address bus is forced to the reset vector 
l$lFFE, $lFFFI. 


Condition code register interrupt mask bit III is set to a 
"1". 


STOP and WAIT latches are cleared. 
External interrupt latch is cleared. 


All other functions, such as other registers lincluding out- 


put ports), the timer, etc. are not cleared by the reset condi- 
tions. 


The MCl46805G2 may be interrupted by one of three dif- 


ferent methods: either one of two maskable hardware inter- 
rupts lexternal input or timer! or a nonmaskable software in- 
terrupt (SWII. Systems often require that normal processing 
be interrupted so that some external event may be serviced. 


Interrupts cause the processor registers to be saved on the 
stack and the interrupt mask (I bit! set to prevent additional 
interrupts. The RTI instruction causes the register contents 
to be recovered from the stack followed by a return to nor- 
mal processing. The stack order is shown in Figure 19. 
Unlike RESET, hardware interrupts do not cause the cur- 


rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 


NOTE 


The current instruction 
is considered to be the one 
already fetched and being operated on. 


When the current instruction 
is complete, the processor 


checks all pendin9 hardware interrupts and if unmasked II bit 


clear!, proceeds with 
interrupt 
processing; otherwise, the 
next instruction is fetched and executed. Note that masked 
interrupts are latched for later interrupt service. 


If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external inter- 
rupt is serviced first. The SWI is executed the same as any 
other instruction and as such takes precedence over hard- 
ware interrupts only if the I bit is set (hardware interrupts 
maskedl. Refer to Figure 20 for the interrupt and instruction 
processing sequence. 


Table 4 shows the execution priority of the RESET, il1TI 


and timer interrupts, and the software interrupt, SWI. Two 
conditions are shown, one with the I bit set and the other 


with 
I bit clear; however, in either case RESET has the 
highest priority of execution. If the I bit is set as per Table 
4(a), the second highest priority is assigned to SWI. This IS il- 
lustrated in Figure 20 which shows that the IRQ or Timer 
interrupts are not executed when the I bit is set and the next 
instruction lincluding SWII is fetched. If the I bit is cleared as 
per Table 4Ib), the priorities change in that the next instruc- 
tion (including SWII is not fetched until after the iRO and 
Timer interrupts have been recognized land serviced!. Also, 
when the I bit is clear, if both il1TI and Timer interrupts are 
pending, the IRQ interrupt 
is always serviced before the 


Timer interrupt. 


1-1 (in CCI 
007F-SP 
O-DDRs 
CLR iRQ Logic 


TCR b7-0 
TCR b6-1 


Load PC 


from 
1FFEIl FFF 


Clear 
IRQ 
Request 
Latch 


Load PC From: 


SWI: 
lFFCIlFFD 


IRO: lFFAIlFFB 
TIMER: 
lFFS/1FF9 
Timer Wait: 
lFF6/1FF7 


Execute All 
Instruction 
Cycles 


• 


• 


Vector 
Interrupt/lnstruction 
Priority 
Address 


RESET 
1 
$lFFE-$lFFF 
SWI 
2 
$lFFC-$lFFD 


NOTE: 
IRG and Timer Interrupts are not executed when the I bit is 
set; therefore, 
they are not shown. 


Vectqr 


Interrupt/lnstruction 
Priority 
Address 


RESET 
1 
$1FFE-$1FFF 
IRQ 
2 
$1FFA-$1FFB 


Timer 
3 
$lFF8-$1FF9 
$lFF6-$1FF7* 


SWI 
4 
$lFFC-$1FFD 


NOTE 


Processing is such that at the end of the current in- 
struction execution, the I bit is tested and if set the 
next instruction lincluding SWII is fetched. If the I bit 
is cleared, the hardware interrupt latches are tested, 
and if no hardware interrupt is pending, the program 
falls through and the next instruction is fetched. 


TIMER INTERRUPT 


If the timer interrupt mask bit ITCR61is cleared, then each 
time the timer decrements to zero Itransitions from $01 to 
$Oman interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register is also cleared. When the Interrupt is 
recognized, the current state of the machine is pushed onto 
the stack and the interrupt mask bit in the condition code 
register is set. This masks further interrupts until the present 
one is serviced. The processor now vectors to the timer in· 


terrupt 
service 
routine. 
The address 
for this service 
routine 
is 
specified by the contents of $lFF8 and $lFF9 unless the pro- 
cessor is in a WAIT mode in which case the contents of 
$1FF6 and $1FF7 specify the timer service routine address. 
Software must be used to clear the timer interrupt request 
bit ITCR71. At the end of the timer interrupt service routine, 
the software 
normally executes an RTI instruction 
which 


restores the machine state and starts executing the inter- 
rupted program. 


EXTERNAL INTERRUPT 


If the interrupt mask bit of the condition code register is 
cleared and the external interrupt pin IIRQ) is low, then the 


external interrupt occurs. The action of the external interrupt 
is identical to the timer interrupt with the exception that the 
service routine address is specified by the contents of $1FFA 
and $1FFB. Either a level- and edge-sensitive trigger lor 
edge-sensitive only) are available as mask options. Figure 21 
shows both a functional diagram and timing for the interrupt 
line. The timing diagram shows two different treatments of 
the interrupt line IIROI to the processor. The first method is 
single pulses on the interrupt line spaced far enough apart to 
be serviced. The minimum time between pulses is a function 
of the length of the interrupt service routine. Once a pulse 
occurs, the next pulse should not occur until the MPU soft- 
ware has exited the routine Ian RTI occursl. This time ItIUL' 
is obtained by adding 20 instruction cycles (tCyc) to the total 
number of cycles it takes to complete the service routine in- 
cluding the RTI instruction; 
refer to Figure 21. The second 
configuration 
shows many interrupt 
lines "wire-ORed" 
to 
form the interrupts at the processor. Thus, if after servicing 
an interrupt the IRO remains low, then the next interrupt is 
recognized. 


SOFTWARE INTERRUPT (SWI) 


The software interrupt is an executable instruction. 
The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the in- 
terrupt 
mask in the condition 
code register. The service 
routine address is specified by the contents of memory loca- 
tions $1FFC and $1FFD. See Figure 20 for interrupt and in- 
struction processing flowchart. 
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The minimum 
pulse width (tlllHI 
is one 
lcyc. 
The period tlllL should 
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the number 
of tcyc 
cycles 
It takes 
to execute the interrupt 
service routine 
plus 20 tcyc 
cycles. 
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Trigger 
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If after servicing an Interrupt the il1TI re- 
mains low, then the next interrupt 
IS 
recognized. 
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with 
Wlre-ORed 
Connectton 
. 
Interrupt 
Request 


IMPUJ 


• 


STOP 


The STOP instruction 
places the 
MCl46805G2 
in its 


lowest power consumption mode. In the STOP mode the in- 
ternal oscillator is turned off, causing all internal processing 
and the timer to be halted; refer to Figure 22. 


During the STOP mode, timer control register {TCRI bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timer interrupts. The timer 
prescaler is cleared. External interrupts are enabled in the 
condition code register. All other registers and memory re- 
main unaltered. All I/O lines remain unchanged. 


Stop 
Oscillator 
And 
All Clocks 
TCR Bit 7-0 
TCRBit6-1 
Clear I Bit 


WAIT 


The WAIT instruction 
places the MCl46805G2 in a low 
power consumption 
mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal circuitry 
except the timer circuit; refer to Figure 23. Thus, all internal 
processing is halted; however, the timer continues to count 
normally. 


During the WAIT mode, the I bit in the condition code 


register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their previous state. The 
timer may be enabled to allow a periodic exit from the WAIT 
mode. If an external and a timer interrupt occur at the same 
time, the external interrupt is serviced first; then, if the timer 
interrupt 
request is not cleared in the external interrupt 


routine, the normal timer interrupt (not the timer wait inter- 
rupt! is serviced since the MCU is no longer in the WAIT 
mode. 


The MCU timer contains an B-bit software programmable 
counter (timer data register) with a 7-bit software selectable 
prescaler. Figure 24 contains a block diagram of the timer. 
The counter may be loaded under program control and is 
decremented towards zero by the clock input Iprescaler out- 
putl. When the counter decrements to zero, the timer inter- 
rupt request bit li.e., bit 7 of the timer control register TCRI 
is set. Then, if the timer interrupt is not masked li.e., bit 6 of 
the TCR and the I bit in the condition code register are both 
clearedl the processor receives an interrupt. After comple- 
tion of the current instruction, 
the processor proceeds to 
store the appropriate registers on the stack, and then fetches 
the timer vector address from locations $1FFBand $1FF9 lor 
$lFF6 and $lFF7 if in the WAIT 
model in order to begin 
servicing. 
The counter 
continues 
to count 
after it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit was 
set. The counter may be read at any time by the processor 
without 
disturbing the count. The contents of the counter 
become stable prior to the read portion of a cycle, and do not 
change during the read. The timer interrupt 
request bit 
ITCR7) remains set until cleared by the software. If the timer 
interrupt request bit (TCR7) is cleared before the timer inter- 
rupt is serviced, the interrupt is lost. TCR7 may also be used 
as a scanned status bit in a non-interrupt mode of operation 
(TCR6= 11. 


The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which is used as the counter input. The processor 
cannot write into or read from the prescaler; however, its 
contents are cleared to all zeros by the write operation into 
TCR when bit 3 of the written data equals a logic one. This 
allows for truncation-free counting. 


The timer input can be configured 
for three different 


operating modes plus a disable mode, depending on the 
value written to the TCR4 and TCR5 control register bits. 
Refer to TIMER CONTROL REGISTER. 


Oscillator Active 
Clear I Bit 


Timer Clock Active 
All Other Processor 


Clocks 
Stop 


Fetch External 


Interrupt. 
Reset, 


ar Timer Interrupt 
Vector 
(from 
WAIT 


Mode 
Only) 


TIMER INPUT MODE 1 


If TCR4 and TCR5 are both programmed to a zero, the in- 


put to the timer is from an internal clock and the TIMER in- 
put pin is disabled. The internal clock mode can be used for 
periodic interrupt generation, as well as a reference in fre- 
quency and event measurement. The internal clock is the in- 
struction cycle clock. During a WAIT instruction, the internal 
clock to the timer continues to run at its normal rate. 


TIMER INPUT MODE 3 


If TCR4=° and TCR5= 1, then all inputs to the timer are 
disabled. 


TIMER INPUT MODE 2 


With TCR4= 1 and TCR5=O, the internal clock and the 
TIMER input pin are ANDed to form the timer input signal. 
This mode can be used to measure external pulse widths. 
The external timer input pulse simply turns on the internal 
clock for the duration of the pulse. The resolution of the 
count 
in this mode is ± 1 clock; therefore, 
accuracy im- 


TIMER INPUT MODE 4 
If TCR4= 1 and TCR5= 1, the internal clock input to the 
timer is disabled and the TIMER input pin becomes the input 
to the timer. The timer can, in this mode, be used to count 
external events as well as external frequencies for generating 
periodic interrupts. 
The counter 
is clocked on the falling 
edge of the external signal. 


Figure 24 shows a block diagram of the timer subsystem. 


Power-on Reset and the STOP instruction cause the counter 
to be set to $FO. 


•• 


II 


Cleared 
by 


TCR3 
"--------v~--------'/ 


Software 
Functions 


NOTES: 


1. Prescaler and timer data register 18-bit counter) are clocked on the falling edge of the internal clock or external input. 
2. The timer data register counts down continuously. 


TCR7 - 
Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic one. 


1 - 
Set whenever the counter decrements to zero, or 
under program control. 


o - 
Cleared on external reset, power-on reset, STOP in- 
struction, or program control. 


TCR6 - 
Timer interrupt mask bit: when this bit is a logic 


one it inhibits the timer interrupt to the processor. 


1 - 
Set on external reset, power-on reset, STOP instruc- 
tion, or program control. 


o - 
Cleared under program control. 


TCR5 - 
External or internal bit: selects the input clock 
source to be either the external TIMER pin or the internal 
clock. (Unaffected by reset.) 


1 - 
Select external clock source. 


o - 
Select internal clock source Iperiod = tcycl. 


TCR4 - 
External enable bit: control bit used to enable the 
external TIMER pin. (Unaffected by reset.I 


1 - 
Enable external TIMER pin. 


o - 
Disable external TIMER pin. 


TCR5 
TCR4 


~ 


o 
Internal clock to timer 


OlAND 
of internal clock and TIMER pin 


to timer 
1 
0 
Inputs to timer disabled 


1 
1 
TIMER pin to timer 


TCR3 - 
Timer prescaler reset bit: writing a "1" to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates a "0" 
IUnaffected by reseU 


TCR2, TCR1, TCRO - 
Prescaler select bits: decoded to 
select one of eight outputs of the prescaler. (Unaffected by 
reset.) 


TCR2 
TCR1 
TCRO 
Result 


0 
0 
0 
+1 


0 
0 
1 
+2 


0 
1 
0 
+4 


0 
1 
1 
+8 


1 
0 
0 
+ 16 


1 
0 
1 
+32 


1 
1 
0 
+64 


1 
1 
1 
+ 128 


The MCU has a set of 61 basic instructions. They can be 
divided into 
five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs briefly explain each type. All the in- 
structions within 
a given type are presented in individual 


tables. 


REGISTER/MEMORY INSTRUCTIONS 


Most 
of 
these 
instructions 
use two 
operands. 
One 
operand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the ad- 
dressing modes. The operand for the jump unconditional 
IJMPI and jump to subroutine IJSRI instructions is the pro- 
gram counter. Refer to Table 5. 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a register, 


modify or test its contents, and write the modified value 
back to memory or to the register. The test for negative or 
zero nST) 
instruction is an exception to the read-modify- 


write sequence since it does not modify the value. Refer to 
Table 6. 


BRANCH INSTRUCTIONS 


Most branch instructions test the state of the condition 
code register and if certain criteria are met, a branch is ex- 
ecuted. This adds an offset between - 127and + 128to the 
current program counter. Refer to Table 7. 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 


resides in the first 128 bytes of the memory space where all 
port registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within the first 256 
locations. The bit set, bit clear, and bit test and branch func- 
tions are all implemented with a single instruction. 
For the 
test and branch instructions, 
the value of the bit tested is 
also placed in the carry bit of the condition code register. 
Refer to Table 8. 


NOTE 


The MCU is actually capable of operating on the bit set 
and bit clear instructions 
anywhere in the first 256 
bytes; however, since only ROM resides in the upper 
128 bytes the bit set/clear instructions have no effect 
on the upper 128 bytes. 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions and 
are used to control processor operation during program ex- 
ecution. Refer to Table 9. 


OPCODE MAP 


Table 10 is an opcode map for the instructions used on the 
MCU. 


ALPHABETICAL 
LISTING 
The complete instruction set is given in alphabetical order 


in Table 11. 


The MCU uses ten different addressing modes to provide 
the programmer with an opportunity to optimize the code to 
all situations. The various indexed addressing modes make it 
possible to locate data tables, code conversion tables, and 
scaling tables anywhere in the memory space. Short indexed 
accesses are single byte instructions, 
while the longest in- 
structions Ithree bytes) permit tables throughout 
memory. 
Short absolute Idirect! and long absolute addressing are also 
included. Table 11 shows the addressing modes for each in- 
struction, with the effects each instruction has on the condi- 
tion code register. An opcode map is shown in Table 10. 
The term "Effective 
Address" lEAl is used in describing 
the various addressing modes, and is defined as the byte 
address to or from which the argument for an instruction is 
fetched or stored. The ten addressing modes of the pro- 
cessor are described below. Parentheses are used to indicate 
"contents of" the location or register referred to; e.g., IPCI 
indicates the contents of the location pointed to by the PC. 
An arrow indicates "is replaced by", and a colon indicates 
concatenation 
of 
two 
bytes. 
For additional 
details and 
graphical illustrations, 
refer to the M6805 Family User's 
Manual. 


INHERENT 
In inherent instructions, 
all the information 
necessary to 
execute the instruction is contained in the opcode. Opera- 
tions specifying only the index register or accumulator, and 
no other arguments, are included in this mode. 


IMMEDIATE 


In immediate addressing, the operand is contained in the 
byte immediately following the opcode. Immediate address- 
ing is used to access constants which do not change during 
program execution le.g., a constant used to initialize a loop 
counter!. 


DIRECT 


In the direct addressing mode, the effective address of the 
argument is contained in a single byte following the opcode 
byte. Direct addressing allows the user to directly address 
the lowest 256 bytes in memory with a single two byte in- 
struction. This includes all on-chip RAM and I/O registers 
and 128 bytes of on-chip ROM. Direct addressing is efficient 
in both memory and time. 


EA= IPC + 1); PC-PC+ 
2 
Address Bus High-a; 
Address Bus Low-IPC+ 
1) 


EXTENDED 


In the extended addressing mode, the effective address of 
the argument is contained in the two bytes following the op- 
code. 
Instructions 
with 
extended addressing modes are 
capable of referencing arguments anywhere in memory with 
a single three-byte instruction. 
When using the Motorola 
assembler, the user need not specify whether an instruction 
uses 
direct 
or 
extended 
addressing. 
The 
assembler 
automatically selects the most efficient address mode. 


EA=IPC+ 
1):IPC+2); 
PC-PC+3 
Address Bus High-IPC+ 
1); Address Bus Low-IPC+21 


• 


• 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument 
is contained 
in the 8-bit index 
register. Thus, this addressing mode can access the first 256 
memory locations. 
These instructions 
are only one byte 


long. This mode is used to move a pointer through a table or 
to address a frequently referenced RAM or 1/0 location. 


EA=X; 
PC-PC+1 
Address Bus High-a; 
Address Bus Low-X 


INDEXED, 8-BIT OFFSET 


Here, the EA is obtained by adding the contents of the 
byte following 
the opcode to that of the index register; 


therefore, the operand is located anywhere within the lowest 
511 memory locations. For example, this mode of addressing 
is useful for selecting the m-th element in an n element table. 
All instructions 
are two bytes. The contents of the index 


register IXI is not changed. The contents of IPC+ 11is an 
unsigned 8-bit integer. 
One byte offset 
indexing permits 
look-up tables to be easily accessed in either RAM or ROM. 


EA=X+IPC+1); 
PC-PC+21 
Address Bus High-K; 
Address Bus Low-X+ 
IPC+ 11 
Where: K= The carry from the addition of X + IPC+ 1) 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the effec- 


tive address is the sum of the contents of the unsigned 8-bit 
index register and the two unsigned bytes following the op- 
code. This addressing mode can be used in a manner similar 
to indexed 8-bit offset, except that this three byte instruction 
allows tables to be anywhere in memory le.g., jump tables in 
RaMI. 
As with direct and extended, the M6805 assembler 
determines the most efficient form of indexed offset; 8 or 
16-bit. The content of the index register is not changed. 


EA= X + [IPC+ 1I:IPC+ 211;PC-PC+ 
3 
Address Bus High-IPC+1)+K; 
Address Bus Low-X+ 
IPC+ 21 
Where: K= The carry from the addition of X + IPC+ 2) 


RELATIVE 


Relative addressing is only used in branch instructions. In 


relative addressing, the contents of the 8-bit signed byte 
following the opcode Ithe offset I is added to the PC if and 
only if the branch condition is true. Otherwise, control pro- 
ceeds to the next instruction. The span of relative addressing 
is limited to the range of 
- 126 to 
+ 129 bytes from the 


branch instruction opcode location. The Motorola assembler 
calculates the proper offset and checks to see if it is within 
the span of the branch. 


EA= PC+ 2 + IPC + 11; PC- 
EA if branch taken; 
otherwise, EA= PC- 
PC+ 2 


BIT SET/CLEAR 
Direct addressing and bit addressing are combined in in- 


structions which set and clear individual memory and 1/0 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified within the first three 
bits of the opcode. The bit set and clear instructions occupy 
two bytes, one for the opcode lincluding the bit number! and 
the other to address the byte which contains the bit of in- 
terest. 


EA=IPC+1I; 
PC-PC+2 


Address Bus High-a; 
Address Bus Low-IPC+ 
1) 


BIT TEST AND BRANCH 


Bit test and branch is a combination of direct addressing, 


bit set or bit clear addressing, and relative addressing. The 
actual bit to be tested, within the byte, is specified within the 
low order nibble of the opcode. The address of the data byte 
to be tested is located via a direct address in the location im- 
mediately following 
the opcode 
byte lEA 11. The signed 
relative 8-bit offset is in the third byte IEA21and is added to 
the PC if the specified bit is set or clear in the specified 
memory location. This single three byte instruction allows 
the program to branch based on the condition of any bit in 
the first 256 locations of memory. 


EA1=IPC+1I 
Address Bus High-a; 
Address Bus Low-IPC+ 
11 


EA2= PC+ 3+ IPC + 2); PC- 
EA2 if branch taken; 
otherwise, PC-PC+3 


Addressing 
Mode. 


Immediate 
Direct 
Extended 
Indexed 
Indexed 
Indexed 
INo Offset I 
IS-Bit Offset! 
(16-Bit 
Offset) 


Op 
I 
I 
Op 
I 
I 
Op 
I 
I 
Op 
, 
,- 
Op 
I 
I 
Op 
I 
I 
Function 
Mnemonic 
Code 
Bytes 
Cycle. 
Code 
Bytes 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Bytes 
Cycle. 
Code 
Bytes 
Cycle. 


load 
A from Memory 
LOA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
06 
3 
5 


Load X from 
Memory 
LOX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
DE 
3 
5 


Store A in Memory 
STA 
- 
- 
- 
B7 
2 
4 
C7 
3 
5 
F7 
1 
4 
E7 
2 
5 
07 
3 
6 


Store X tn Memory 
STX 
- 
- 
- 
BF 
2 
4 
CF 
3 
5 
FF 
1 
4 
EF 
2 
5 
OF 
3 
6 


Add 
Memory 
to A 
ADD 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
DB 
3 
5 


Add 
Memory 
and 
ADC 
A9 
2 
Carry to A 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
3 
E9 
2 
4 
09 
3 
5 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 


Subtract 
Memory 
from 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
02 
3 
5 
AWlth 
Bnrrnw 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
04 
3 
5 


OR Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
DA 
3 
5 


Exclusive 
OR Memory 
EOR 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
DB 
3 
5 
with A 


ArithmetIc Compare A 
CMP 
A1 
2 
2 
B1 
2 
3 
C1 
3 
4 
Fl 
1 
3 
E1 
2 
4 
01 
3 
5 
with Memory 


Anthmetlc 
Compare 
X 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
03 
3 
5 
with Memorv 


BIt Test Memory with 
BIT 
A5 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A I Loolcal 
Compare I 


Jump 
Unconditional 
JMP 
- 
- 
- 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
DC 
3 
4 


Jump to Subroutine 
JSR 
- 
- 
- 
BD 
2 
5 
CD 
3 
6 
FD 
1 
5 
ED 
2 
6 
DO 
3 
7 


Addressing 
Modes 


Inherent 
IAI 
Inherent 
IX I 
Direct 
Indexed 
Indexed 


INo Offset! 
IS-Bit Offset I 


Op 
I 
I 
Op 
I 
I 
Op 
I 
I 
Op 
, 
I 
Op 
, 
, 


Function 
Mnemonic 
Code 
Byte. 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Byte. 
Cycle. 


Increment 
INC 
4C 
1 
3 
5C 
1 
3 
3C 
2 
5 
7C 
1 
5 
6C 
2 
6 


Decrement 
DEC 
4A 
1 
3 
5A 
1 
3 
3A 
2 
5 
7A 
1 
5 
6A 
2 
6 


Clear 
CLR 
4F 
1 
3 
5F 
1 
3 
3F 
2 
5 
7F 
1 
5 
6F 
2 
6 


Complement 
COM 
43 
1 
3 
53 
1 
3 
33 
2 
5 
73 
1 
5 
63 
2 
6 


Negate 
NEG 
40 
1 
3 
50 
1 
3 
30 
2 
5 
70 
1 
5 
60 
2 
6 
12's Complementl 


Rotate 
Left Thru 
Carry 
ROL 
49 
1 
3 
59 
1 
3 
39 
2 
5 
79 
1 
5 
69 
2 
6 


Rotate 
RIght 
Thru 
ROR 
46 
, 
3 
66 
1 
3 
36 
2 
5 
76 
1 
5 
66 
2 
6 


Carry 


Logical 
Shift 
Left 
LSL 
4B 
1 
3 
66 
1 
3 
38 
2 
5 
78 
1 
5 
66 
2 
6 


Logical 
Shift 
Right 
LSR 
44 
1 
3 
54 
1 
3 
34 
2 
5 
74 
1 
5 
64 
2 
6 


Artthmetlc 
Shift Right 
ASR 
47 
1 
3 
57 
1 
3 
37 
2 
5 
17 
1 
5 
67 
2 
6 


T est for Negative 
TST 
40 
1 
3 
50 
1 
3 
3D 
2 
4 
70 
1 
4 
60 
2 
5 
nr lorn 
• 


• 


R~ative Addressing Mode 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
3 


Branch Never 
BRN 
21 
2 
3 


Branch 
IFF Higher 
BHI 
22 
2 
3 


Branch IFF Lower or Same 
BLS 
23 
2 
3 


Branch IFF Carry Cleaf 
BCC 
24 
2 
3 


IBranch 
IFF Higher 
or SameJ 
IBHSI 
24 
2 
3 


Branch 
IFF Carry Set 
BCS 
25 
2 
3 


IBranch 
IFF Lowerl 
IBLOI 
25 
2 
3 


Branch 
IFF Not Equal 
BNE 
26 
2 
3 


Branch 
IFF Equal 
BEG 
27 
2 
3 


Branch 
IFF Half Carry Clear 
BHCC 
2B 
2 
3 


Branch 
IFF Half Carry Set 
BHCS 
29 
2 
3 


Branch 
IFF Plus 
BPL 
2A 
2 
3 


Branch IFF Minus 
BMI 
2B 
2 
3 


Branch IFF Interrupt 
Mask Bit 
IS Clear 
BMC 
2C 
2 
3 


Branch IFF Interrupt 
Mask Bit is Set 
BMS 
20 
2 
3 


Branch IFF Interrupt 
Line IS Low 
BIL 
2E 
2 
3 


Branch IFF Interrupt 
Line IS HIgh 
BIH 
2F 
2 
3 


Branch to Subroutine 
BSR 
AD 
2 
6 


Addressing Modes 


Bit Setl Clear 
Bit Test and Branch 


Function 
Mnemonic 
Op 
, 
, 
Op 
, 
, 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IFF Bit n IS Set 
BRSH 
n In~O 
..71 
- 
- 
- 
20n 
3 
5 


Branch IFF Bu n IS Clear 
BRCLR 
n In - O. 71 
- 
- 
- 
01 + 2-n 
3 
5 


Set Bit n 
BSH 
n In-O 
.. 71 
10+ 2-n 
2 
5 
- 
- 
- 


Clear Bit n 
BCLR n In~O 
.. 71 
11 + 2-n 
2 
5 
- 
- 
- 


Inherent 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
I 
2 


Transter 
X to A 
TXA 
9F 
I 
2 


Set Carry Bit 
SEC 
99 
I 
2 


Clear Carry Bit 
CLC 
9B 
1 
2 


Set Interrupt Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt Mask Bit 
Cli 
9A 
1 
2 


Software 
Interrupt 
SWI 
B3 
1 
10 


Return from Subroutine 
RTS 
Bl 
1 
6 


Return from Interrupt 
RTI 
80 
I 
9 


Reset Stack Pointer 
RSP 
9C 
I 
2 


No-Operation 
NOP 
90 
I 
2 


Stop 
STOP 
BE 
I 
2 


Wait 
WAIT 
BF 
1 
2 


Bn Ma niDulation 
Branch 
Rud/Modifv/Wrne 
Control 
Reaiattwl 
Memorv 


INH 
, 
I 
I 
~ 
c:;., 
0001 
oo~o 
rl" 
0;"", 
n,~, 
01~0 
n'-11 
8 
9 
A 
1~1 
1~ 
1~' 
11~0 
~ 
1000 
1001 
1010 
1111 


~ 
BRSE!~: 
BSE~~r 
BRA,,: 
NEG 
nlR 
NEG 
1NH 
NEG 
J 
NEG 
NEG 
' 
AT! 
~ 
SU? •.••.• 
SUB' 
SU~XT 
SUB •• : I, 
SUB •• : 
SUB 
J 
~ 
, 
, 
'"" 


'x, 
, 
" 
, 
'N" 
IA 
, 
, 


BRN 
3 
, 
, 
3 
4 
, 
4 
3 
~, 
BRCL:TO. 
BCL~~c 
RTS 
CMP 
CMP 
CMP 
CMP,X., 
I, 
CMP 
CMP 
1 


'" 


, 
'N" 
IMM , 
,. 
3 
XT 
'XI , 
,X 
0001 


m~n 
.' 
BSE~~r 
BHI 
J 
SBC 
SBC 
J 
SBC 
• 
SBC 
' 
, 
SBC 
SBC 
' 
2 
BRSE!,'. 
." 


,...... 
,. 
3 
XT 
3 
,X> 
'Xl , 
'X 
0010 


BRCLR1' 
, 
3 
, 
3 
3 
, 
, 
'0 
CPX 
' 
CPX 
' 
CPX 
• 
CPX 
J 
Jll 
m~1 
BCL~~r 
BLS." 
COM 


nlR 
COMA 
COMX 
COM 
COM 
SWI 
CPX 
CPX 


-'T' 
, 
'"" , 
, " 
'x, 
, 
'x 
, 
'N" 
,...... , 
,. 
3 
XT 
'X2 
2 
IXl 
1 
'X 
3 
, 
3 
3 
, 
, 
ANO 
J 
ANO' 
ANO 
' 
· 
AND' 
,:'00 
BRSEJl. 
BSE1~c I, BCC." 
LSR 
LSRA 
LSRX 
LSR 
LSR 
ANO 
, 
AND 
,,~ 
T' 
, 
'N" 
, 
'N" 
'x, 
, 
'x 
,...... 
" 
I, 
XT 
'X' 
'x, 
1 
'X 


BCL~~; 
3 
2 


BIT 
' 
· 
BIT 
' 
• 
BIT 
,: 
5 
BRCL~l. 
I, 
BCS." 
BI~ •.••.• 
, 
BIT", 
, 
BIT ,., 
,,~. 


" 
,. 
", 


BSE~~; 
, 
3 
3 
• 
, 
, 
· 
, 
4 
3 


~o 
BRSEJt. 
I, 
BNE." 
ROR 
01R 
1 AOA~H 
AOA~H 
, 
ROR 
ROR 
LOA 
LOA 
LOA 
LDA 


1x 


, 
, 
LDA 
LOA 
6 
'x, 
, 
'x 
IMM , 
,. 
3 
XT 
'X, 
1 
'X 
0110 


BCL~i; 
, 
3 
3 
• 
, 
2 
STA 
' 
STA 
' 
, 
STA,x: 
STA 
• 
7 
BRCL~T3. 
I, 
BEO." 
ASA 
nlR 
1 ASA~H 
ASA~NH 
, 
ASR 
ASR 
TAX 
STA 
7 
111 
1 
'x, 
, 
" 
, 
'N" 
,. 
, 
XT 
',x> 
1 
'X 
111 


BSE~~; 
, 
, 
, 
· 
EOR 
' 
• 
EOR 
J 
,~ 
BRSET;'. 
I, 
BHC~" 
LSL 


nlR 
LSLA 
LSLX 
, 
LSL 
LSL 
CLC 
EOR 
EOR 
3 
EOR 
, 
EOR 
,~ 
, 
'N" . 
'N" 
'" 
, 
" 
, ... 
,. 
XT 
'X' 
'Xl 
, 
'X 
, 
3 
, 
3 
3 
, 
, 
, 
, 
· 
ADC 
' 
· 
ADC 
' 
9 
BRCL~;'. 
BCL~~r 
I, 
BHC~" 
AOl 


nlR 
AOL~NH 
AOlX 
, 
ROL 
ROL 
SEC 
ADC 
ADC 
ADC 
ADC 
9 


1001 
, 
1 
'N" 
'x, 
, 
'x 
, 
'N" , 
,...... , 
0" 
3 
EXT 
3 
'Xl 
2 
'XI 
1 
'X 
1001 


BSE1~: 


3 
3 
, 
, 


Cli 
' 
ORA' 
A 
BRSET;;. 
I, BPL." 
DECo,. 
DECA 
DECX 
DEC 
DEC 
ORA 
ORA 
ORA 
ORA 
ORA 
A 


" 
, 
'N" 
1 
'N" , 
'" 
, 
" 
, 
'N" , 
,...... , 
D" 
3 
EXT 
3 
'X2 
2 
'XI 
1 
'x 
1010 


B 
BRCL~;;. 
BCL~~; 
I, 
BM~J" 
SEI 
1 
ADD 
ADD 
ADD 
ADD' 
, 
ADD 
ADD 
B 


111 
, 
'N" 
,...... , 
,. 
3 
XT 
3 
IX 
'XI 
1 
'X 
1011 


BSE1~: 


3 
, 
, 


RSP 
, 


1~ 
BRSEJ~. 
I, BM~" 
INC 
01R 


INCA 
INCX 
, 
INC 
INC 
JMP 


nlR 
JMP 
JMP 
JMP 
JMP 
C 
, 
IN" 
I 
IN" 
IX' 
I 
" 
, 
IN" 
3 
XT 
3 
IXl , 
IXI 
1 
IX 
1100 


BCL~~; 
. 
4 
, 


JSR 
• 
0 
BRCL~T6. 
I, 
BM~J" 
TST 
nlR 
TST~H 
TSTX 
, 
TST 
TST 
NOP 
BSR 
JSR 
JSR 
JSR 
JSR 


19, 
"' 


, 
, 
IN" 
IX' 
, 
IX 
, 
IN" 
." , 
01' 
3 
EXT 
3 
IX' 
2 
IX' 
1 
IX 
, 
3 
STOP' 
l1 
E 
,n 
BRSETl. 
BSE1~c I, 
BIL." 
LDX 
LDX 
LDX 
LOX 
, 
LOX 
LOX 
E 
, 
IN" 
I•.••.• , 
01' 
3 
XT 
3 
IX 
IX' 
1 
IX 
1110 
, 
CLR 
' 
WAIT' 
TXA 
1 
STX 
• 
F 
BRCLR7 
BCLR7 
BIH 
CLR 
CLAA 
CLAX 
CLR 
STX 
STX 
STX 
STX 
F 


1111 
3 
." 2 
asc , 
." , 
0" 
I 
'N" 
, 
IN" , 
IX' 
I 
IX 
, 
IN" 
I 
IN" 
, 
01' 
3 
EXT 
3 
1X2 
2 
IX' 
1 
IX 
1111 


Inherent 
Accumulator 
Index Register 
Immediate 


Dtrect 
Extended 
Relative 
Bit Set 1Clear 
Bit Test and Branch 
Indexed 
(No Offsetl 


Indexed. 
1 Byte 18-Bltl Offset 


Indexed. 
2 Byte 116-BIII Offset 
• 


• 


Addressing 
Modes 
Condition 
Codes 


Indexed 
Indexed 
Indexed 
Bit 
Bit 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
R~8tive 
INo Offset) 
18 Bits) 
(16 Bitsl 
Sett 
Test & 
H 
I 
N 
Z 
C 
Clear 
Branch 


ADC 
x 
x 
x 
x 
X 
X 
A 
A 
A 
A 


ADD 
x 
X 
X 
X 
A 
Ill. 


AND 
X 
X 
X 
X 
X 
X 
• 
A. 
A • 


ASL 
X 
X 
X 
X 
• 
A 
A 
A 


ASA 
X 
X 
X 
X 
• 
A 
AA 


BCC 
X 
• 
• • 
BCLA 
X 
• 
• • 
BCS 
X 
• 
• • 


BEa 
X 
• 
• • 


BHCC 
X 
• 
• • 
BHCS 
X 
• 
• • 
BHI 
X 
• 
• • 
BHS 
X 
• 
• • 


BIH 
X 
• 
• • 
BIL 
X 
• 
• • 
BIT 
X 
X 
X 
X 
X 
X 
• 
A 
A 


BLO 
X 
• 
BLS 
X 
• 


BMC 
X 
• 
BMI 
X 
• 
BMS 
X 
• 
BNE 
X 
• 
• • 
BPL 
X 
• 
BRA 
X 
• 
BRN 
X 
• 
BRCLR 
X 
• 


BRSET 
X 
• 
A 


BSET 
X 
• 
• 
BSR 
X 
• 
• 


CLC 
X 
• 
D 


Cli 
X 
• 
a 
• 


CLR 
X 
X 
X 
X 
• • 0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


COM 
X 
X 
X 
X 
• • 
A 
A 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


DEC 
X 
X 
X 
X 
• • 
A 
A • 
EOA 
X 
X 
X 
X 
X 
X 
• • 
A 
A • 


INC 
X 
X 
X 
X 
• • 
A 
A • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 
LDA 
X 
X 
X 
X 
X 
X 
• • 
A 
A • 


LDX 
X 
X 
X 
X 
X 
X 
••A Ae 


LSL 
X 
X 
X 
X 
• • 
A 
A 
A 


LSR 
X 
X 
X 
X 
• • 0 
A 
A 


NEG 
X 
X 
X 
X 
.-.A AT 


NOP 
X 
• •• • • 


OAA 
X 
X 
X 
X 
X 
X 
• 
• 
-A 
Ae 


ROL 
X 
X 
X 
X 
••• 
A " 
ROA 
X 
X 
X 
X 
• • 
A 
A 
A 


RSP 
X 
• • • • • 
RTI 
X 
7 


RTS 
X 
• • • • • 
SBC 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


SEC 
X 
• • • • 
1 


SEI 
X 
• 
1 • • • 
STA 
X 
X 
X 
X 
X 
• • 
A 
A • 
STOP 
X 
• 0 • • • 
STX 
X 
X 
X 
X 
X 
• • 
A 
A • 
SUB 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


SWI 
X 
• 
1 • • • 
TAX 
X 
• • 
,.-.-.- 
TST 
X 
X 
X 
X 
• • 
A 
A • 
TXA 
X 
• • • • • 
WAIT 
X 
• 
0 • • • 


Condll.on 
Code 
Svmbols 


H 
Halt Carry IFrom Bit 3) 
I 
Interrupt 
Mask 
N 
Negative ISlgn 
Bit) 
1 
Zero 
C 
Cany/Borrow 


A 
Test 
and 
Set 
It T rue 
Cleared 
O.he/wlse 


• 
No! Allecled 


, 
Load 
CC Register 
From 
Slack 


Cleared 
Sel 


ORDERING 
INFORMATION 
The following 
information 
is required when ordering a 


custom 
MCU. 
This information 
may be transmitted 
to 


Motorola in the following media: 


EPROMIs) MCM2716s or MCM2532s 
MOOS disk file 


To initiate a ROM pattern for the MCU. it is necessary to 


first contact your local field service office, local sales person, 
or your local Motorola representative. 


EPROMs 


The MCM2716 or MCM2532 type EPROMs, programmed 
with the customer program (positive logic sense for address 
and data). may be submitted 
for pattern generation. The 
EPROMs must be clearly marked to indicate which EPROM 
corresponds to which address space. Figure A-l 
illustrates 
the recommended 
marking procedure for two 
MCM2716 
EPROMs. 


After the EPROMls) are marked. they should be placed In 


conductive 
IC carriers and securely packed. 00 not use 
styrofoam. 


VERIFICATION 
MEDIA 
All original pattern media lEPROMs or floppy disk) are fil- 


ed for contractual 
purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 


along with a listing verification form. The listing should be 
thoroughly 
checked and the verification 
form completed, 
signed, and returned to Motorola. 
The signed verification 


form constitutes the contractual agreement for creation of 
the customer mask. If desired, Motorola will program a blank 
2716 EPROM lsupplied by the customer! from the data file 
used to create the custom mask to aid in the verification pro- 
cess. 


ROM VERIFICATION 
UNITS 
The MCUs containing the customer's ROM pattern will be 
sent for program verification. 
These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic. 
and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. These RVUs are 
not backed nor guaranteed by Motorola Quality Assurance. 


FLEXIBLE DI.SKS 
The disk media submitted 
must be single-sided. single- 


density. 8-inch. MOOS compatible floppies. The customer 
must write the binary file name and company name on the 
disk with a felt-tip ren. The floppies are not to be returned by 
Motorola as they are used for archival storage. The minimum 
MOOS system files as well as the absolute binary object file 
(filename.LO type of file) from the M6805 cross assembler 
must be on the disk. An object file made from a memory 
dump using the ROLLOUT command is also admissable. 
Consider submitting a source listing as well as the following 
files: 
filename. LX 
lEXORciser 
loadable 
format) 
and 
filename. SA IASCII Source Code). These files will of course 
be kept confidential and are used 1) to speed up the process 
in house if any problems arise. and 2) to speed up our 
customer to factory interface if a user finds any software er- 
rors and needs assistance quickly from the factory represen- 
tatives. 


MOOS is Motorola's Oisk Operating System available on 
development systems such as EXORciser, EXORset. etc. 


• 


Option List 


Select the options for your MCU from the following 
list. A manufacturing 
mask will be generated from this information. 
Select 
one in each section. 


Internal Oscillator 
Input 
o Crystal 
o Resistor 


Internal Divide 
o +4 
o +2 


Interrupt 
Trigger 
o Edge-Sensitive 
Only 
o 
Level-Sensitive 
and Edge-Sensitive 


® MOTOROLA 


The 
MCl46805H2 
Microcomputer 
Unit 
IMCUI 
belongs 
to 
the 
M146805 CMOS Family of low-cost, 
single-chip 
microcomputers. 
This 
8-bit MCU contains an on-chip oscillator, 
CPU, RAM, I/O, and a timer. 
The fully static design allows operation at two software selectable fre- 
quencies, further 
reducing its already low power consumption. 
It is a 
low-power 
processor designed for low-end to mid-range applications 
in 
the 
consumer, 
automotive, 
industrial, 
and communications 
market 
where very low power consumption 
constitutes 
an important 
factor. 


The following 
are the major features of the MC146805H2 MCU. 


HARDWARE 
FEATURES 


• 
Typical Full Speed Operating Power of 20 mW at 5 V 


• 
Typical WAIT 
Mode Power of 4 mW 


• 
Typical STOP Mode Power of 5 p.W 


• 
8-Bit Architecture 


• 
Fully Static Operation 


• 
112 Bytes of On-Chip RAM 


• 
2048 Bytes on On-Chip ROM 


• 
24 Bidirectional 
I/O Lines Plus Four Input-Only 
Lines 


• 
Internal 8-Bit Timer with Software 
Programmable 7-Bit Prescaler 


• 
Watchdog 
Timer 


• 
External Timer Input 


• 
External and Timer Interrupts 


• 
Self-Check Mode 


• 
Master Reset and Power-On Reset 


• 
Single 3- to 6-Volt Supply 


• 
On-Chip Oscillator 
• 
4O-Pin Dual-in-Line 
Package 


• 
Chip Carrier Also Available 


• 
Alert Tone Generator 


• 
Frequency Synthesizer 


SOFlWARE 
FEATURES 


• 
Similar to the MC6800 


• 
Efficient Use of Program Space 


• 
Versatile InterruiJt Handling 


• 
True Bit Manipulation 


• 
Addressing 
Modes with Indexed Addressing 
for Tables 


• 
Efficient 
Instruction 
Set 


• 
Memory Mapped I/O 


• 
Most Self-Check 
Routines User Callable 


CMOS 


(HIGH-PERFORMANCESlliCON-GATEI 


8-BIT 
MICROCOMPUTER 


.- 


LSUFFIX 


CERAMIC 
PACKAGE 


CASE 
715 


~ 


SSUFFIX 


CERDIP 
PA'CKAGE 


~ 


CASE 
734 


P SUFFIX 


'" 
PLASTIC 
PACKAGE 


CASE 
711 


<> 


Z SUFFIX 


CHI~ 
CARRIER 


CASE 
761 


Voo 


OSC1 


OSC2 


TIMER 


Synth VSS 


171 
XFC 


(81 
CO 


f'?!\3 
191 
P07 


PA2 
(101 
P06 


PAl 
101111 
P05 


PAO 
11 1121 


P80 
12 (131 


PBl 
129128 


PB2 
128127 


P83 
(27126 
POO 


PB4 
12612S ALRI' 


PBS 
12S124 PC4 


P86 
(24123 
PCS 


PB7 
123122 PC6 


VSS 
(22121 
PC7 


• 


II 


34 
CO 


PAD 
PAl 
Accumulator 
Port 
PA2 
8 
A 
A 
PA3 
Port 
Data 
Index 


1/0 
PA4 
A 
Oir 
Register 
lines 
PA5 
Reg 
Reg 
8 
X 


PA6 
Condition 


PA7 
Code 
Register 
CC 
CPU 
Slack 


P8D 
POinter 


P8l 
Port 
P82 
Port 
Data 
Program 


B 
PB3 
Counter 


1/0 
PB4 
B 
Dor 
5 
High 
PCH 


Lines 
P85 
Reg 
Reg 
Program 


PB6 
Counter 


PB7 
8 
Low 
PCL 


NOTE: 


See Pin Assignment 
diagram for equiva- 


lent chip carrier pin numbers. 


Data 
Port 
O,r 
0 
Reg 
Reg 


Alert 
Tone 
Generator 


1 RESET 


3 NUM 


2 IRQ 


PC4 
Port 


PC5 
C 
PC6 
Input 
PC7 
Lines 


PDQ 


PDI 
Port 
PD2 
D 
:g~1/0 
PD5 Lines 


PD6 
PD7 


This device contains circuitry to protect the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages of electric fields; however. 
it is ad- 


vised that 
normal 
precautions 
be taken 
to 
avoid application 
of any voltage higher than 
maximum 
rated 
voltages 
to 
this 
high 
im- 


pedance 
circuit. 
For proper 
operation 
it is 


recommended 
that 
Vin 
and 
Vout 
be con· 


strained 
to 
the 
range 
VSS S (Vin 
or 


VoutlsVOO. 
Reliability 
of 
operation 
is 
enhanced 
if unused inputs are connected 
to 
an appropriate logic voltage level (e.g., 
either 


VSS or VOOI. 


Ratings 
Symbol 
Value 
Unit 


Supply 
Voltage 
VOO 
0.3 to +8.0 
V 


All Input 
Voltages 
Except 
OSC1 
Vin 
SS 
0.5 to VOO + 0.' 
V 


Current Drain Per Pin Excluding VOO and VSS 
I 
10 
mA 


Operating Temperature 
Range 
TA 
o to 70 
·C 


Storage Temperature 
Range 
Tsto 
55 to +150 
·C 


Characteristics 
Symbol 
Value 
Unit 


Thermal 
Resistance 
Plastic 
100 


Cerdip 
8JA 
60 
·C/W 


Ceramic 
50 
Chip Carrier 
T80 


Characteristic 
Symbol 
Min 
Max 
Unit 


Output 
Voltage, 
ILoads 
10.0 ~A 
VOL 
0.1 
V 


VOH 
VOO-O.l 
- 
V 


Output 
High Voltage 


Alert 
Tone 
Generator 
"Load= 
- 2 mAl 
2.4 
- 


CO (I Load = -4 
mAl 
VOH 
2.4 
- 
V 


PAD-PA7, 
POO-P07I1Load~ 
-2 
mAl 
2.4 
- 
PBD-PB7 
IILoad~ 
-100 
~AI 
2.4 
- 


Output 
Low 
Voltage 
Alert Tone Generator 
(I Load = OCX)pAl 
- 
0.4 


CO IILoad~BOO 
~AI 
VOL 
- 
0.4 
V 


PAO-PA7, 
PBO-PB7, 
POO·P07 
II Load = BOO~Al 
- 
0.4 


Input 
High Voltage 
PAD-PA7, 
PBD-PB7, 
PC4-PC7, 
POO-P07 
VOO-2.0 
- 


TIMER, 
iRQ, RESET 
VIH 
VOO-O.B 
- 
V 
OSC1 
VOO-0.8 
- 


Input 
Low 
Voltage 
All Inputs 
VIL 
- 
08 
V 


Total 
Supply 
Current 
(CL - 50 pF on Ports, 
no dc Loads, 
Icyc-l~sl 


RUN IVIL =0.2 
V, VIH=VOO-0.2 
VI 
- 
TBO 
mA 
WAIT 
100 
- 
TBO 
mA 
STOP 
- 
TBO 
~A 


1/0 
Port Input 
Leakage 
IlL 
- 
±1O 
~A 


Input Curent 
IITSTI, om, TIMER, 
OSCl 
lin 
- 
± 1 
~A 


Capacitance 
Ports 
Cout 
- 
12 
pF 
IITSTI, om, TIMER, 
OSCl 
Cin 
- 
B 
pF 


NOTE: 


Test conditions 
for 100 are as follows: 


All ports programmed 
as inputs 
VIL ~ 0.2 V IPAO-PA7, 
PBO·PB7, 
PC4-PC7, 
POO-P071 


VIH=VOO-0.2 
V for RESET, 
IRO, and TIMER 


OSCl 
Input as a squarewave 
from 0.2 V to VOO - 0.2 V 
OSC2 output 
load = 20 pF (WAIT 
100 is affected 
linearly by the OSC2 capacitance. 
STOP 100 is also affected 
linearly by this capaCItance 
it 


the oscillator is not killed.) 


• 


• 


Characteristic 
Symbol 
Min 
Max 
Unit 


Output 
Voltage, 
ILoadS 
10.0 ~A 
VOL 
- 
0.1 
V 


VOH 
VOO-0.1 
- 
V 


Output 
High Voltage 


Alert 
Tone Generator 
{ILoad= 
-0.5 
mAl 
1.4 
- 


CO II Load = - 1.0 mAl 
VOH 
1.4 
- 
V 


PAD-PAl, 
POO-POl 
IILoad= 
-0.5 
mAl 
1.4 
- 


PBD-PBl 
II Load = - 50 ~AI 
1.4 
- 


Output 
Low Voltage 


Alert 
Tone Generator 
II Load = 900 ~AI 
- 
03 


CO II Load = BOO~Al 
VOL 
- 
03 
V 


PAD-PAl, 
PBD-PBl, 
POO-POl 
II Load = BOO~AI 
- 
03 


Input 
High Voltage 


PAD-PAl, 
PBD-PBl, 
PC4-PCl, 
POO-POl 
VOO-03 
- 


TIMER, 
ilm, 
RESET 
VIH 
VOO-0.3 
- 
V 


OSC1 
VOD-0.3 
- 


Input 
Low Voltage 
All Inputs 
VIL 
0.3 
V 


Total 
Supply 
Current 
{CL =50 
pF on Ports no de Loads, 
tcyc-5 
~sl 


RUN (VIL ~0.2 
V, VIH=VDD-0.2 
VI 
IDD 
- 
TBD 
mA 


WAIT 
- 
TBD 
mA 


STOP 
- 
TBD 
~A 


1/0 Ports Input 
Leakage 
Current 
IlL 
±1O 
~A 


Input Current 
RESET, iRQ, TIMER, 
OSC1 
lin 
- 
±1 
~A 


Capacitance 


Ports 
Cout 
- 
12 
pF 
RESET, 
IRQ, TIMER, 
OSC1 
Cin 
- 
8 
pF 


TBD=To 
be determined. 


NOTE: 


Test conditions for IDD are as follows: 
All ports programmed 
as inputs 
VIL =0.2 
V (PAD-PAl, 
PBD-PBl, 
PC4-PCl, 
POO-PDll 


VIH=VDD-0.2 
V for RESET, 
IRQ, and TIMER 


OSC1 input 
is a squarewave 
from 
0.2 V to VDD - 0.2 V 


OSC2 output 
load = 20 pF IWAIT 
and STOP 
IDD are affected 
linearly 
by the OSC2 capacitance.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Crystal 
Oscillator 
Startup 
Time 
(See Figure 51 
toxOV 
- 
TBD 
ms 


Stop 
Recovery 
Startup 
Time 
(Crystal 
Oscillator! 
ISee Figure 61 
tlLCH 
- 
TBD 
ms 


Timer 
Pulse Width 
I See Figure 41 
tTH, 
tll 
0.5 
- 
leye 


RESET Pulse Width 
ISee Figure 5) 
tRL 
1.5 
- 
!eye 


Timer 
Period 
(See 
Figure 4) 
tllTL 
1.0 
teye 


Interrupt 
Pulse Width 
Low (See Figure 15) 
tlLlH 
1.0 
teye 


Interrupt 
Pulse Period 
ISee Figure 
151 
tlLlL 
. 
teye 


OSC1 
Pulse Width 
tOH, 
tOL 
TBD 
- 
ns 


Cycle Time 
leye 
1000 
- 
ns 


Frequency of Operation 


Crystal 
fose 
30 
50 
kHz 
Synthesizer 
'synth 
0.5 
2.0 
MHz 


*The 
minimum 
penod tlL1L should not be less than the number of teye cycles it takes to execute the Interrupt 
service 
routine 
plus 20 teye 
cycles. 


TABLE 2 - 
CONTROLTIMING 


IVDD=3.0 Vdc. VSS=O Vdc, TA=O·C to 70·C) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Crystal Oscillator Startup Time ISee Figure 5) 
tDXOV 
TBD 
ms 


Stop RecoveryStartup Time (Crystal Oscillatorl ISee Figure 6) 
tlLCH 
TBD 
ms 


Timer PulseWidth ISee Figure41 
tTH, tTL 
05 
tcyc 


RESETPulseWidth ISee Figure5) 
tRL 
15 
tcyc 


Timer Period (See Figure 4) 
tTLTL 
10 
tcyc 


Interrupt 
Pulse Width 
Low (See Figure 14) 
tlLlH 
1.0 
tcyc 


Interrupt Pulse Period ISee Figure 14) 
tlLlL 
. 
tcyc 
ascI 
PulseWidth 
tOH, taL 
TBD 
ns 


Cycle Time 
tcyc 
5000 
ns 


Frecuency of Operation 


Crystal 
fose 
30 
50 
kHz 


Synthesizer 
fsynth 
120 
600 
kHz 


The operating 
current 
of the MCU 11001 is a function 
of 


supply voltage, 
bus rate, capacitive 
loading 
on any active 
pins (i.e., 
aSCI, 
OSC2, etc.I, 
the processor 
state (RUN, 


WAIT, 
or STOP), the synthesizer state (ON or OFF), and the 


resistive loading on all outputs. 
Inputs, such as input ports 
can also cause significant 
increases in currents 
if they are 


ILoad- 


R2 
ISee 
Tablel 


Rl 
ISee 
Table) 


placed in the active region of the input device. Because of 
this, inputs should never be allowed to simply "float". 
It is 


impossible to determine a "typical" 
100 for a particular 
ap- 


plication 
without 
first knowing 
all of the above conditions 
and their corresponding 
currents. 
Thus, some "typical" 
cur- 


rent curves are provided in Figure 3 la, b, and cl. It should be 
emphasized that these are only approximations 
and no mini- 


mums or maximums are implied. 


• 


••3 
'"~ 
150 
~ 
z 
~ 
100 


0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 


tsyn,'" 
SYNTHESI2ER 
OUTPUT 
fREQUENCY 
(MHzl 


(Timer) 
Pin 37 


Internal 
Address 


Bus· 


Internal 
Data 
Bus· 


I 
I 
% 
I 
I 
~ 
1~o~/ 
/~Z~71~71~Z~/I~Z~/Z~Z/~Z~7Z~/~/ 
/~z~//~/z~/~/z~z~/ 
/~/!~Z""'-"/Z~Z~/ 
/~/~//..,..-,./ 
/~/~/Z~/~7Z~/ 
/....,.....,.../ 
/ 


hOXOV: 
1920 teye I 
I.. 
--t.. 
-: 
I 
I 
I 
J 
I 
I 
r-teyel 


J 


• 


• 


O:··_~IIIIIIIIIII 
~III 


lEdge- 


Sensitive 
Only) 


iRO 


or 


JrrSIT 


VDD. VSS. AND SYNTH VSS 


Power is supplied to the MCU using these pins. VOO is 
power and VSS is ground. A separate ground is provided for 
the synthesizer which must be at the same potential as VSS. 
These grounds (synthesizer VSS and VSSI may be bypassed 
independently to minimize noise if necessary. 


iRQ (MASKABLE 
INTERRUPT REQUEST) 


IRa is a mask programmable option which provides two 
different choices of interrupt triggering sensitivity. These op- 
tions are: 1) negative edge-sensitive triggering only. or 21 
both negative edge-sensitive and level-sensitive triggering. In 
the latter case. either type of input to the rRa pin will pro- 
duce the interrupt. The MCU completes the current instruc- 
tion before it responds to the interrupt request. When the 
iRO pin goes low for at least one tcyc. a logic one is latched 
internally to signify an interrupt has been requested. When 
the MCU completes its current instruction, 
the interrupt 
latch is tested. If the interrupt latch contains a logic one and 
the interrupt mask bit (I bill in the condition code register is 
clear, the MCU then begins the interrupt sequence. 


If the option is selected to include level-sensitive trigger- 


ing, then the iRQ input requires an external resistor to VOO 
for "wire-OR" 
operation. See INTERRUPTS for more detail. 


RESET 


The RESET input is not required for startup but can be 


used to reset the MCU internal state and provide an orderly 
software startup procedure. Refer to RESETS for a detailed 
description. 


TIMER 
The TIMER input may be used as an external clock for the 


on-chip timer. 
Refer to TIMER for additional information 
about the timer circuitry. 


ascI. 
OSC2 
The MCl46805H2 is configured to accept a crystal to con- 


trol the internal oscillator. An external clock may also be us- 
ed. These are discussed below. 


CRYSTAL - 
The circuit shown in Figure 7ib) is recom- 


mended when 
using a crystal. 
The internal oscillator 
is 


designed to interface with a parallel resonant quartz crystal 
resonator in the frequency range specified for fosc in Table 1 
and 
Table 2 control 
timing. 
Using 
an external 
CMOS 


oscillator 
is 
recommended 
when 
crystals 
outside 
the 


specified ranges are to be used. The crystal and components 
should be mounted as close as possible to the input pins to 
minimize output distortion and startup stabilization time. 


EXTERNAL CLOCK - 
An external clock should be ap- 


plied to the OSCl input with OSC2 not connected, as shown 
in Figure 7id). The tOXOV or tlLCH specifications do not ap- 
ply when using an external clock input. 


Vendor A 
Vendor 
B 
Units 


RSIMax} 
50 
23 
kG 


Co 
0.8 
15 
pF 


Cl 
- 
235 
pF 


CaSCl 
10 
35 
pF 


CaSC2 
2.5-10 
5-30 
pF 


a 
60 
90 
K 


Rp 
2-10 
2-10 
MG 


~ 
CaSC2 
• 
-38------'1'01 


Unconnected 


External Clock 


CO 
This pin provides a clock output 
which 
represents the 
clock input to the CPU; however, it is twice the frequency of 
the bus rate since the CPU divides the clock by two to obtain 
the bus rate. It can be used to provide an external syn- 
chronizing clock or as a test point for checking the on-chip 
clock input to the CPU. 


ALRT 
This output provides one of three tone signals to drive an 


external amplifier whenever the tone generator is activated 
by 
the 
microcomputer 
program. 
Whenever 
the 
tone 


generator is turned off, this pin represents a high impedance. 
Refer to AUDIO ALERT TONE GENERATOR for more infor- 
mation. 


XFC 


This pin provides a means for connecting 
an external 
capacitor to the synthesizer phase lock loop filter. Refer to 
PHASE LOCK LOOP for additional information concerning 
this capacitor. 


PAO-PA7 


These eight I/O lines comprise port A. The state of any pin 
is software programmable. Refer to INPUT/OUTPUT 
PRO- 
GRAMMING for a description of I/O programming. 


PBD-PB7 


These eight lines comprise port B. The state of any pin is 


software 
programmable. 
Refer to INPUT/OUTPUT 
PRO- 
GRAMMING for a description of I/O programming. 


PC4-PC7 


These four lines comprise port C, a fixed input port. When 


port C is read, the four least significant bits on the data bus 
are zeros. There is no data direction register associated with 
port C. 


PDQ-PD7 


These eight lines comprise port O. The state of any pin is 


software 
programmable. 
Refer to INPUT/OUTPUT 
PRO- 
GRAMMING for a description of I/O programming. 


Any port A, B, or 0 pin may be software programmed as 


an input or output by the state of the corresponding bit in the 
port data direction register IOORI. A particular port A, B, or 
o pin is configured as an output if its corresponding OOR bit 
is set to a logic one. A pin is configured as an input if its cor- 
responding OOR bit is cleared to a logic zero. At reset, all 
OORs are cleared, which configures all port A, B, and 0 pins 
as inputs. Port C is input only. A particular port A, B, or 0 
pin configured as an output will output the data in the cor- 
responding bit of its port data latch. Refer to Figure 8 and 
Table 3. 


Internal 


MCI46805H2 
Connections 


Typical Port 
6 
4 
0 


Data Direction 


RegIster 


Typical 
Port 


Register 


Pin 
P-l 
P-6 
P-5 
P-4 
P-3 
P-2 
P-l 
p-o 


Ibl 


R/W* 
OOR 
I/O Pin Function 


a 
a 
The 110 pin is in input mode. Data is written 
into the output data latch. 


a 
1 
Data is written 
into the output data latch and output to the I/O 
pin. 


1 
a 
The state of the I/O pin is read. 


1 
1 
The I/O 
pin is in an output mode. The output data latch is read. 


The MCl46805H2 
self-check is performed using the circuit 
in Figure 9. Self-check 
is initiated 
by connecting 
the NUM 
and TIMER pins to a logic one and then executing 
a reset. 


After 
reset, 
five 
subroutines 
are called 
that 
execute 
the 
following 
tests: 


I/O - 
Functionally 
exercises ports A, B, C, D 


RAM - 
Walking 
bit test 


ROM - 
Exclusive OR with odd ones parity result 


Timer - 
Functionally 
exercise timer 
Interrupts 
- 
Functionally 
exercise external and timer 
interrupts 


Self-check 
results are shown 
in Table 4. The following 
subroutines 
are available to user programs 
and do not re- 


quire any external hardware. 


----c 


RESET 1 


VOO 
40 
lOKO 


TIMER 37 
10 kO I 


T 


5 
3 
lOW 
NUM 
11 20 pF 


OSCl 
39 J: 
I~ 


MC146805H2 
10 
032.768 
kHz 
IMO 1 
:1 


2! 
OSC2 38 


IRQ 2 


4- 
PA7 
P07 ~ 
- .2- PA6 
;g 
6 
PD6 - 
PA5 
PD5 31 
7 PA4 
PD4 30 
-!! PA3 
PD3 29 
~ 
PA2 
28 
10 
PD2 
}" 


PAl 
PDl 27 
11 
In 


PAO 
PDQ 26 


..!.3. 
P80 
34· 
..!l 
CO 
Clock 
- 
PBl 
ALRT 25 
14 PB2 
Alert 


15 PB3 
~ 
~ 
PC4 
PB4 
E.- 


~ 
PC5 
PB5 
22 


18 PB6 
PC6 
21 
19 
PC7 
PB7 
Synth 


XFC 
VSS 
VSS 


351 
II 
138 120 


II 
-=- 


9 


V 
• 


P03 
P02 
POl 
PDO 
Remarks 
1 
0 
1 
0 
Bad I/O 
1 
0 
1 
1 
Bad TImer 


1 
1 
0 
0 
Bad RAM 


1 
1 
0 
1 
Bad ROM 


1 
1 
1 
0 
Bad Interrupt or Request Flag 


Cycling 
Good Part 
All Others 
Bad Part 


RAM SELF-CHECK SUBROUTINES 


Returns with the Z bit clear if any error is detected; other- 


wise the Z bit is set. 


The RAM test must be called with the stack pointer at 
$OO7F.When run, the test checks every RAM cell except for 
$OO7Fand $OO7Ewhich are assumed to contain the return 
address. 
A and X are modified. All RAM locations except the top 
two are modified. 


ROM CHECKSUM SUBROUTINE 


Returns with Z bit cleared if any error was found; other- 


wise Z: 
1. X:O 
on return, and A is zero if the test passed. 
RAM locations $0040-$0043are overwritten. 


TIMER TEST SUBROUTINE 


Returns with Z bit cleared if any error was found; other- 
wise Z: 
1. 
This routine runs a simple test on the timer. In order to 
work correctly as a user subroutine, the internal clock must 
be the clocking 
source and interrupts 
must be disabled. 


Also, on exit, the clock will be running and the interrupt 
mask not set so the caller must protect himself from inter- 
rupts if necessary. 


The A and X register contents are lost since this routine 
uses them in determining how many times the clock counts 


in 128 cycles. The number of counts should be a power of 
two since the prescaler is a power of two. If not, the timer 
probably is not counting correctly. The routine also detects if 
the timer is running at all. 


The MC146805H2 has a total address space of 8192 bytes 


of memory and I/O registers. The address space is shown in 
Figure 10. 


The first 128 bytes of memory Ifirst half of page zerol are 
comprised of the I/O port locations, timer locations, and 112 
bytes of RAM. The next 2038 bytes lincluding the 128 bytes 
of the second half of page zero) comprise the user ROM. The 
10 highest address bytes contain the reset and the interrupt 
vectors. 


The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during 
interrupts 
and 
subroutine calls. At power up, the stack pointer is set to 
$OO7Fand it is decremented as data is pushed onto the 
stack. When 
data is removed from 
the stack, the stack 
pointer is incremented. A maximum of 64 bytes of RAM is 
available for stack usage. Since most programs use only a 
small part of the allocated stack locations 
for interrupts 
and/ or subroutine stacking purposes, the unused bytes are 
usable for program data storage. 


Access 
Via 
Page0 
Direct 


Addressing 


8063 
8064 


8181 


{ 


8182 


User 
Defined 


Interrupt 
Vectors 


8191 


{:~ 


255 
256 


110 Porls 
$<XXX) 


Timer 
RAM 
s007F 


128 8yles 
sOO8O 
Page0 User ROM 
sOOFF 
s0100 
1910Bytes 
User ROM 


SOO77 
SOO78 
138Byles 


Self-Check ROM 
sOOFF 
SOOOO 


5760Byles 
Unused· 


slF7F 


118 Bytes 
slF80 


Self-Check ROM 
s1FF5 
------------- 
Timer Interrupt 
From Wait 
State 
Only 
slFF6-s1F 
----------- 
Timer 
Interrupt 
s1FF8-s1F 
---- 
External Interrupt 
s1FFA-s1F 
---- 
SWI 
s1FFC-s1F 
---- 
Reset 
slFFE-s1F 


The MCl46805H2 
contains five registers, as shown in the 


programming 
model 
of 
Figure 
11. The interrupt 
stacking 
order is shown in Figure 12. 


ACCUMULATOR 
(A) 


The accumulator 
is an B-bit general purpose register used 
to hold operands, results of the arithmetic 
calculations, 
and 
data manipulations. 


INDEX REGISTER (X) 


The X register is an B-bit register which is used during the 
indexed 
modes 
of addressing. 
It provides 
an 8-bit 
value 
which 
is used to create an effective 
address. 
The index 
register is also used for data manipulations 
with 
the read- 


modify-write 
type of instructions 
and as a temporary storage 
register when not performing 
addreSSing operations. 


PROGRAM COUNTER (PCI 


The program counter is a 13-bit r~gister that contains the 
address of the next instruction 
to t>\; executed by the pro- 
cessor. 


Port A Data Register 


Port B Data Register 


Port C Data 
I 
0 0 
0 
0 


Port 0 Dala Register 


Port A Data Direction 
Register 


Port B Data Direction 
Register 


System 
Control 
Register 


Port D Data Direction 
Register 


Timer Data Register 


Timer Control 
Register 


6 Bytes 
Unused· 


RAM 


1112Bytesl 


f- 
,,;:? 
" 
/ 
./ 


./ 


./ 


'" 


'" 
./ 
Stack 164BytesMaxi 


'" 
,.- 


'" 
-+ 
l/ 


sOOOO 


s0001 


s0002 


sOOO3 


$0004 


sOOO6 


sOOO6 


s0007 


sOOO8 


sOOO9 


sOOOA 


STACK POINTER (SP) 


The stack pointer 
is a 13-bit register containing 
the ad- 
dress of the next free location on the stack. When accessing 
memory, 
the seven most significant 
bits are permanently 
configured 
to o00ooo1. These seven bits are appended to the 
six least significant 
register bits to produce an address within 
the range of $OO7Fto $~. 
The stack area of RAM is used 
to store 
the 
return 
address 
on subroutine 
calls and the 
machine state during interrupts. 
During external or power-on 
reset, and during a reset stack pointer (RSP) instruction, 
the 
stack pointer i, set to its upper limit ($OO7FI.Nested interrupt 
andlor 
subroutines 
may use up to 64 (decimal! 
locations, 
beyond which the stack pointer wraps around and points to 
its upper limit thereby losing the previously stored informa- 
tion. 
A subroutine 
call occupies 
two 
RAM 
bytes on the 
stack, while an interrupt 
uses five RAM bytes. 


CONDITION CODE REGISTER (CC) 


The condition 
code register is a 5-bit register which 
in- 


dicates the results of the instruction 
just executed. 
These 
bits can be individually 
tested by a program and specific ac- 


tion taken as a result of their state. Each bit is explained in 
the following 
paragraphs. 


• 


7 


1__ 
- 


7 


1 
_ 


0 


A 
I 
Accumulator 


0 


X 
I 
Index Register 


0 


PCL 
Program Counter 


0 


SP 
I 
Stack Pointer 


PCH 


12 
6 


~-------- 


CCl§' 
N 
Z 
C 
ConditionCodeReg,ster 


Carry/Borrow 


Zero 


Negative 


Interrupt 
Mask 


Half Carry 


Stack 


I 


iI 
T 


IncreaSing Memory j~ 
Addrp.sses 
U 


R 
N 


1 I 1 I 1 I 
ConditIon 
Code Register 


Accumulator 


Index Register 


010 I0 I 
PCH 


PCL 


NOTE" Since the Stack 
POinter 
decrements dUring pushes. the peL IS 
stacked first. followed by PCH. etc 
Pulling from the stack 1$ In 
the reverse order 


HALF CARRY BIT (H) - 
The H bit is set to a one when a 
carry occurs between bits 3 and 4 of the ALU and during an 
ADD or ADC instruction. 
The H bit is useful in binary coded 
decimal subroutines. 


curred during the last arithmetic operation. This bit is also af- 
fected during bit test and branch instructions, 
shifts, and 
rotates. 


INTERRUPT MASK BIT (I) - 
When the I bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the I bit is set, the interrupt is latched and is 
processed after the I bit is next cleared. 


The MCl46805H2 has three reset modes: an active low ex- 


ternal reset pin (RESEll, 
a power-on reset function, 
and a 
dead-man timer reset function; 
refer to Figure 5. 


RESET 


The RESET input pin is used to reset the MCU to provide 
an orderly software startup procedure. When using the ex- 
ternal reset mode, the RESET pin must stay low for a mini- 
mum of one tcyc. 
The RESET pin contains 
an internal 
Schmitt trigger as part of its input (internally) to improve its 


noise 
immunity. 


NEGATIVE (N) - 
When set, this bit indicates that the 
results of the last arithmetic, logical, or data manipulation is 
negative (bit 7 in the result is a logic onel. 


ZERO (Z) - 
When set, this bit indicates that the result of 
the last arithmetic, logical, or data manipulation is zero. 


POWER-ON RESET 


The power-on reset occurs when a positive transition is 
detected on VDD. The power-on 
reset is used strictly for 


CARRY/BORROW 
(C) - 
When set, this bit indicates that 
a carry or borrow out of the arithmetic logic unit IALU) oc- 


power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. The power-on circuitry provides for 
a 1920 tcyC delay from the time that the oscillator becomes 
active. If the external RESETpin is low at the end of the 1920 
tcyc time out, the processor remains in the reset condition 
until RESET goes high. 


WATCHDOG TIMER 


The watchdog timer contains an 18-stage divider which is 
clocked by the crystal oscillator output. 
A program con- 
trolled input (SCR4) from the system control register clears 
the watchdog 
timer as described in SYSTEM CONTROL 
REGISTER. Unless the watchdog timer is periodically cleared 
by the system program it will time out and reset the MCU. 
Since the watchdog 
timer is connected directly to the 
crystal oscillator it is not affected by the oscillator gating as 
discussed 
in 
SYSTEM 
CONTROL 
REGISTER. 
If 
the 
oscillator is left running, the watchdog 
timer will time out 
and reset the MCU. This is a safety feature to preclude the 
MCU from becoming "lost", 
and inadvertentl~' stopping the 
oscillator and thereby "killing" 
itself. As will be discussed in 


SYSTEM CONTROL REGISTER, the SCR3 bit is heavily pro- 
tected to protect the system during a loss of MCU control. 


RESET CONDITIONS 


Either of the three types of reset conditions causes the 
following to occur: 
Timer control 
register interrupt 
request bit TCR7 is 
cleared to a logic zero to preclude premature timer 
interrupts. 
Timer control register interrupt mask bit TCR6 is set to 
a logic one to preclude timer interrupt processing. 
All data direction register bits are cleared to logic zeros 
to define all ports as input. 
Stack pointer is preset to its upper limit, SOO7F. 
The internal address bus is forced to the reset vector 
IS1FFE, SlFFFI 
Condition code register interrupt mask bit III is set to a 
logic one to mask any external interrupts. 
STOP and WAIT latches are cleared to place MCU in 


normal 
operation. 


External interrupt latch is cleared to ensure no external 
interrupt is processed. 
System control register bits SCR6, SCR7, and SCR2 
ilre cleared; however, 
bits SCR5, SCR3, SCR1, and 
SCROare set. Bit SCR4 could be either set or cleared as 
discussed in the SYSTEM CONTROL REGISTER. 


All other functions, such as other registers, the timer, etc. 


are not cleared by the reset conditions. 


INTERRUPTS 


Systems often require that normal processing be inter- 


rupted so that some external event may be serviced. The 


MC146805H2 may be interrupted by one of three different 
methods: either one of two maskable hardware interrupts 
lexternal input or timer) or a nonmaskable software interrupt 
ISWII. 


Interrupts cause the processor registers to be saved on the 
stack and the interrupt mask (I bit) set to prevent additional 
interrupts. The RTI instruction causes the register contents 
to be recovered from the stack followed by a return to nor- 
mal processing. The stack order is shown in Figure 12. 


Unlike RESET, hardware interrupts do not cause the cur- 


rent instruction execution to be halted, but are considered 
pending until the current instruction execution is completed. 


NOTE 
The current instruction 
is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if an interrupt is 
pending and is unmasked, proceeds with interrupt process- 
ing; otherwise, the next instruction is fetched and executed. 
Note that masked interrupts are latched for later interrupt 
servicing. 
If both an external interrupt and a timer interrupt are pend- 


ing at the end of an instruction execution, the external inter- 
rupt is serviced first. The SWI is executed the same as any 
other instruction. Refer to Figure 13 for the interrupt and in- 
struction processing sequence. 


Table 5 shows the execution priority of the RESET, IRQ, 


timer interrupts, and the software interrupt, SWI. Two con- 
ditions are shown, one with the I bit set and the other with 
the I bit clear; however, in either case RESEThas the highest 
priority of execution. If the I bit is set as per Table 5(al, the 
second highest priority is assigned to SWI. This is illustrated 
in Figure 13which shows that the IRQ or timer interrupts are 
not executed when the I bit is set. If the I bit is clear as per 
Table 5(b), the priorities change in that the next instruction 
(including SWII is not fetched until after the IRQ and timer 
interrupts have been recognized (and serviced). Also, when 
the I bit is clear, if both IRQ and timer interrupts are pending, 
the IRQ interrupt is always serviced before the timer inter- 
rupt. 


NOTE 
The conditions 
for Table 5 assume that. except for 


RESET, the current instruction is completed; thus the 
MCU is at an instruction boundary. Processing is such 
that at the end of the current instruction, 
the I bit 
IS 
tested and if set the next instruction (including SWil,s 
fetched. If the I bit is cleared, the hardware interrupt 
latches ilre tested, and if no hardware interrupt 
is 
pending, the program falls throu§h and the next in- 
struction is fetched. 


• 


lal 
I Bit Set 


InterruptI Instruction 


mtT 
SWI 


TABLE 
5 - 
INTERRUPT 
INSTRUCTION 
EXECUTION 
PRIORITY 
AND 
VECTOR 
ADDRESS 


Ibl 
I Bit Clear 


Vector Address 


$1FFE-$l FFF 
$1FFC-$l FFD 


NOTE: 
TRTI and Timer Interrupts are not executed 
when the I bit 
is set; therefore, 
they are not shown. 


InterruptI Instruction 
Priority 
Vector Address 


RESET 
1 
$lFFE-$lFFF 


ilm 
2 
$lFFA-$lFFB 


Timer 
3 
$1FF8-$1 FF9 
$lFF6-$lFF7* 


SWI 
4 
$lFFC-$lFFD 


1-llin 
CCI 


007F-SP 
O-DDRs 
CLR fRO 
Logic 


TCR b7-0 
TCR b6-1 
CLR DMT 


Load PC 
from 
1FFE/1 FFF 


Execute 
All 
Instruction 
Cvcles 


Clear 
1AQ 
Request 
Latch 


Load PC From: 


SWI: 
1FFCI1FFD 
IRO: 1FFA/1FFB 
TIMER 
1FF811 FF9 
Timer Walt: 
1FF611 FF7 


TIMER INTERRUPT 
If the timer interrupt mask bit ITCR61is cleared, then each 


time the timer decrements to zero Itransitions from $01 to 
$00 to set TCR7) an interrupt 
request is generated. The 
actual processor interrupt is generated only if the interrupt 
mask bit lin the condition code register! is cleared. When the 
interrupt is recognized, the current state of the machine is 
pushed onto the stack and the interrupt mask bit in the con- 
dition code register is set. This masks further interrupts until 
the present one is serviced. The processor now vectors to 
the timer interrupt service routine. The address for this ser- 
vice routine is specified by the contents of $1FF8 and $1FF9 
unless the processor is in a WAIT mode, in which case the 
contents 
of 
$1FF6 and $1FF7 specify the timer service 


routine address. Software must be used to clear the timer 
interrupt request bit ITCR71. At the end of the timer interrupt 
service routine, 
the software 
normally 
executes an RTI 


instruction 
which 
restores the machine state and starts 
executing the interrupted program. 


The actual timer interrupt request can be delayed by con- 


trolling TCR6 linterrupt mask bitl. If TCR6 is programmed to 
a logic one, no interrupt is generated even if TCR7 linterrupt 
request bit) is set. Then TCR6 can be programmed lafter a 
specific time) to a logic zero to generate the actual timer 
interrupt request. 


EXTERNAL INTERRUPT 


If the interrupt mask bit of the condition code register has 


been cleared and the external interrupt pin IIRQI has gone 
low, then the external interrupt is recognized. The action of 
the external interrupt is identical to the timer interrupt with 
the exception 
that the interrupt 
request input at iRO is 
latched internally and the service routine address is specified 
by the contents of $1FFA and $lFFB. Either a level-sensitive 
and edge-sensitive trigger, or an edge-sensitive only trigger 
are available as a mask option. Figure 14 shows both a func- 
tional and mode timing diagram for the interrupt line. The 
timing diagram shows two different treatments of the inter- 
rupt line liROl to the MCU. The first method shows single 
pulses on the interrupt line space far enough apart to be ser- 
viced. The minimum time between pulses is a function of the 
length of the interrupt service routine. Once a pulse occurs, 
the next pulse should not occur until the MCU software has 
exited the routine Ian RTI occurs!. This time IliULI 
is obtain- 


ed by adding 20 instruction cycles (tcyc) to the total number 
of cycles it takes to complete the service routine including 
the RTI instruction; refer to Figure 15. The second configura- 
tion shows many interrupt lines "wire-ORed" 
to form the in- 


terrupts at the processor. Thus, if after servicing one inter- 
rupt the interrupt line remains low, then the next interrupt is 
recognized. 


NOTE 


The internal interrupt latch is cleared in the first part of 
the service routine; 
therefore, 
one land only onel 
external interrupt pulse could be latched during tlUL 
and serviced as soon as the I bit is cleared. 


SOFTVVAREINTERRUPT 


The software interrupt ISWII is an executable instruction. 


The action of the software interrupt instruction is similar to 
the hardware interrupts. The software interrupt is executed 
regardless of the state of the interrupt mask bit in the condi- 
tion code register. The service routine address is specified by 
the contents of memory locations $1FFC and $1FFD. See 
Figure 13 for interrupt and instruction processing flowchart. 


STOP 


The STOP instruction 
places the 
MCl46805H2 
in its 


lowest power consumption 
mode. In the STOP mode, all 


internal processing and the timer operation are halted; refer 
to Figure 15. 


During the STOP mode, timer control register ITCR) bits 6 


and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timer interrupts. The timer 
prescaler is cleared. The I bit in the condition code register is 
cleared to enable external interrupts. All other registers and 
memory remain unaltered. All input/output 
lines remain un- 


changed. The processor can only be brought 
out of the 


STOP mode by an external interrupt, 
reset, or dead-man 


timer 
timeout. 


WAIT 
The WAIT instruction 
places the MC146805H2 in a low 


power consumption 
mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal circuitry 
except for the timer; refer to Figure 16. Thus, all internal pro- 
cessing is halted; however, the timer continues to count 
normally. 


During the WAIT mode, the I bit in the condition code 


register is cleared to enable interrupts. All other registers, 
memory, and input/output 
lines remain in their previous 


state. The timer may be enabled to allow a periodic exit from 
the WAIT mode. If an external and a timer interrupt occur at 
the same time, the external interrupt is serviced first; then, if 
the timer interrupt request is not clea"9d in the external inter- 
rupt routine, the normal timer interrupt Inot the timer wait in- 
terrupti is serviced since the MCU is no longer in the WAIT 
mode. 
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Level-Sensitive 
Trigger 
------ 


Mask Option 


External 
Interrupt 
Request 


External 
Reset 


External 
Interrupt 
Being Serviced 
(Read of Vectors) 


Edge-Sensitive 
Trigger 
Condition 


The minimum 
pulse width 
(tILlH) 
is one 
leye. 
The period tlllL 
should 
not be less 
than 
the number 
of {eye cycles it takes 
to execute 
the interrupt 
servIce 
routine 
plus 20 leye cycles. 


IRQ~tILIH 
U 


/... 
II1IL-_j 


IRQIMPUII 
_ 


IR~l~tILIH===1 
.. 


Interrupt 
Request 
IMPUI 


level- Sensitive 
Trigger 
Condition 


If after servicing 
an interrupt 
the iRTI re- 


mains low. then the next interrupt 
is 
recognized. 


Normally 
used 
with Wire-ORad 
Connection 


TCA Bit7-0 
TCABit6-1 
Clear I Bit 


Was The First 
Write 
To SCA3 


A Zero? 
• 
Was The Second 
Write 
To SCA3 
A Zero? 


Oscillator Active 
Clear I Bit 
Timer Clock Active 
All Other Processor 
Clocks Stop 


Fetch External 
Interrupt, 
Reset. 


or Timer Interrupt 
Vector Ifrom WAIT 
Mode 
Only) 


cleared) the processor 
receives an interrupt. 
After 
comple- 


tion of the current 
instruction, 
the processor 
proceeds 
to 
store the appropriate registers on the stack, and then fetches 
the timer vector address from locations $1FF8 and $1FF9 lor 
$1FF6 and $1FF7 if in the WAIT mode) in order to begin ser- 
vicing; 
refer to INTERRUPTS. 
The counter 
continues 
to count 
after 
it reaches zero, 


allowing the software 
to determine the number of internal or 
external input clocks since the timer interrupt 
request bit was 


set. The counter 
may be read at any time by the processor 


without 
disturbing 
the count. 
The contents 
of the counter 


The MCU timer contains an 8-bit software 
programmable 
counter (timer data register) with a 7-bit software 
selectable 
prescaler. Figure 17 contains a block diagram of the timer. 
The counter 
may be loaded under program 
control 
and is 
decremented 
towards zero by the clock input (prescaler out- 


pull. 
When the counter decrements 
to zero, the timer inter- 


rupt request bit li.e., bit 7 of the timer control register, TCR) 
is set. Then, if the timer interrupt 
is not masked (i.e., bit 6 of 
the TCR and the I bit in the condition 
code register are both 


become stable prior to the read portion of a cycle, and do not 
change 
during 
the 
read. 
The timer 
interrupt 
recuest 
bit 


ITCR7) remains set until cleared by the software. 
If the timer 
interrupt 
request bit ITCR7) is cleared before the timer inter- 


rupt is serviced, the interrupt 
is lost. TCR7 may also be used 
as a scanned status bit in a non-interrupt 
mode of operation 
ITCR6= 
1). 


The prescaler is a 7-bit divider which is used to extend the 
maximum 
length of the timer. 
Bit 0, bit 1, and bit 2 of th£ 


TCR are programmed 
to choose the appropriate 
prescaler 
output 
which 
is used as the counter 
input. 
The processor 
cannot write 
into or read from 
the prescaler; 
however, 
its 
contents 
are cleared to all zeros by the write operation 
into 
TCR when bit 3 of the written 
data ecuals a logic one. This 
allows for truncation-free 
counting. 


The 
timer 
input 
can 
be configured 
for 
four 
different 
operating 
modes, 
depending 
on the value written 
to the 
TCR4 and TCR5 timer control 
register bits. Refer to TIMER 


CONTROL REGISTER. 


TIMER INPUT MODE 1 


If TCR4 and TCR5 are both programmed 
to a zero, the in- 


put to the timer is from the internal processor clock and the 
TIMER input pin is disabled. The processor clock mode can 
be used for 
periodic 
interrupt 
generation, 
as well 
as a 
reference 
in frequency 
and event 
measurement. 
The pro- 
cessor clock is the instruction 
cycle clock. During a WAIT in- 


struction, 
the processor clock input to the timer continues to 
run at its normal rate. 


TIMER INPUT MODE 2 


With TCR4= 1 and TCR5=0, 
the internal processor clock 
and the TIMER input pin are ANDed to form the timer input 
signal. 
This mode can be used to measure external 
pulse 


widths. 
The external timer input pulse simply turns on the 
internal 
processor clock for the duration 
of the pulse. The 
resolution 
of the count 
in this mode is plus or minus one 
clock cycle; therefore, 
accuracy improves with longer input 


pulse widths. 


TIMER INPUT MODE 3 


If TCR4=0 
and TCR5= 1, then 
the crystal 
oscillator 
is 
used to clock the timer. This clock source is independent 
of 


the internal processor clock and thus it is useful in keeping 
real time. It is particularly 
useful with 
a 32.768 kHz crystal 
where the maximum modulus of the timer results in a precise 
one second interrupt 
rate. 


TIMER INPUT MODE 4 


If TCR4= 1 and TCR5= 1, the internal processor clock in- 


put to the timer is disabled and the TIMER input pin becomes 
the input to the timer. The timer can, in this mode, be used 
to count external events as well as external frequencies 
for 
generating periodic interrupts. 
The counter is clocked on the 
falling edge of the external signal. 


Figure 18 shows a block diagram of the timer subsystem. 


Power-on reset and the STOP instruction 
cause the counter 
to be set to SFO. 


TIMER CONTROL REGISTER ITCR) 


7 
6 
5 
4 
3 
2 
1 
0 


I TCR71TCR61TCR51TCR41 
TCR3ITCR2ITCRlITCRO!S!XXl9 


TCR7 - 
Timer interrupt 
request bit: bit used to indicate 
the timer interrupt 
when it is logic one. 


Cleared by 
TCR3 
'~--------"v"'-------_/ 


Software 
Functions 
NOTES: 
1. Prescaler and timer data register (S·bit counter) are clocked on the falling edge of the Internal processor clock, crystal oscillator. or external 
input. 


2. The timer data register counts down continuously. 
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1- Set whenever 
the counter 
decrements to zero, or 
under program control. 


D- Cleared on external reset, power-on reset. STOP in- 


struction, or program control. 


TCR6 - 
Timer interrupt mask bit: when this bit is a logic 
one it inhibits the timer interrupt to the processor. 


1- Set on external reset, power-on reset, STOP instruc- 


tion, 
or program 
control. 


D- Cleared under program control. 


TCR5, TCR4 - 
Together, these two bits control the input 
to the timer. This is illustrated in the table below. IThese two 
bits are unaffected by reset.! 


TCR5 
TCR4 
0 
0 
0 
1 


1 
0 
1 
1 


Processor clock to timer 
AND 
of processor 
clock and 


TIMER 
pin 
Crystal oscillator to timer 
TIMER 
pin to timer 


TCR3 - 
Timer prescaler reset bit: writing a one to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates a zero. IUnaffected by reset.! 


TCR2, TCR1, TCRO - 
Prescaler select bits: decoded to 
select one of eight outputs of the prescaler. (Unaffected by 
reset.! 


TCR2 
TCR1 
TCRO 
Result 


0 
0 
0 
: 1 
0 
0 
1 
+2 


0 
1 
0 
+4 


0 
1 
1 
+8 


1 
0 
0 
16 


1 
0 
1 
+32 


1 
1 
0 
+64 


1 
1 
1 
: 128 


The MCl46805H2 
MCU has the ability to change pro- 


cessor clock rate under program control. 
This is accom- 


plished by utilizing the MCU program to select either the 
crystal oscillator or an internal synthesizer as the processor 
clock 
source. 
The 
entire 
circuit 
contains 
the 
crystal 
oscillator, synthesizer, gating and stop circuits, and a transi- 
tion control circuit Irefer to the block diagram of Figure 11. 
Rate selection is made by writing the system control register 


bit SCR2. Refer to SYSTEM CONTROL REGISTER for a 
discussion of this and all related controls. 


CRYSTAL OSCILLATOR 


The crystal oscillator is designed to operate in the 30 to 50 
kHz range for use with low frequency crystals such as the 
32.768 kHz watch crystal. The oscillator stop select circuit 
allows the STOP instruction to completely shut down MCU 
operation by "killing" 
the oscillator or by gating off its out- 
put. By controlling the gating off of the oscillator, the user is 
provided with an option of either very low current drain or 
rapid recovery from 
the 
STOP function; 
i.e., 
with 
the 
oscillator running but gated off during the STOP function, 
the start up time ItOXOVI could be much shorter than if the 
oscillator were "killed." 


FREQUENCY SYNTHESIZER 


The frequency synthesizer uses a conventional phase lock 
loop 
which 
utilizes 
the 
crystal 
oscillator 
output 
as its 
reference frequency. The synthesizer output frequency is 16 
fosc for the 3-volt port and 64 fosc for the 5-volt port Ifosc 
represents the crystal oscillator frequencyl. The synthesizer 
bandwidth Iwide or narrowl is program controlled to provide 
two different 
damping factors. 
This bandwidth 
control is 
provided by the system control register SCRDbit. An exter- 
nal filter capacitor must be connected to the XFC pin 1351as 
part of the frequency synthesizer loop filter. 


TRANSITION CONTROL CIRCUlr 


The transition 
control 
circuit 
provides a means for a 
smooth 
transition 
when 
switching 
the 
processor 
clock 
between the crystal oscillator and frequency synthesizer. 
Switching of the transition circuit is controlled by a bit in the 
system control register. A buffered output of the transition 
circuit is available at the CO pin whenever system control 
register SCR1 bit is set. 


The watchdog timer is designed to periodically time out 
and reset the MCU unless it IS periodically cleared by the 
system program Ithe watchdog timer is also cleared during 
any other MCU resetl. The time-out period ItDM), which for 
a 32.768 kHz crystal = 3.00 seconds, is calculated as: 


, 1) 
tDM= 198,296± 161(f-osc 


NOTE 


The 
variation 
is thA result 
of 
never 
clearing 
the 
first 


four stages of the timer which are used for other inter- 
nal functions.· 


A reset from the watchdog 
timer affects the CPU In the 
same manner as an external reset IRESET pin goes lowl; 
however, the watchdog timer reset also sets the SCR4 bit In 
the system control register. Refer to SYSTEM CONTROL 
REGISTER for additional information 


The alert tone generator provides a buffered tone output 


at the ALRT pin 125}.This output provides drive for an exter- 
nal amplifier whenever the tone generator is activated by the 
microcomputer 
program; 
otherwise, 
the ALRT pin repr~ 
sents a high 
impedance. 
Three different 
tones can be 
generated by the alert tone generator and these tones are 
controlled by two bits (SCR6, SCR7) in the system control 
register. A table illustrating the SCR6-SCR7 bits status ver- 
sus the alert tone generator output 
is shown below. Bits 
SCR6 and SCR7 are cleared by a reset. 


SCRl 
SCR6 


0 
0 


0 
1 


1 
0 


1 
1 


No output from alert generator 
Ipin 25 high impedance) 
Low frequency 
output from alert generator 
(crystal oscillator frequency 
+ 32) 


Medium 
frequency 
output from alert 
generator 
(crystal oscillator 
frequency -+- 16) 


High frequency 
output from alert generator 


(crystal oscillator frequency 
+- 8) 


The system control register is an 8-bit register which pro- 


vides control bits SCROthrough SCR7. These bits are used 
in determining whether the system clock is furnished by the 
crystal oscillator or synthesizer, 
plus controlling 
the alert 
generator and resetting the dead-man timer. 


SCR6, SCR7 - 
Together, these two bits control the state 
and frequency of the alert generator as shown in AUDIO 
ALERT TONE GENERATOR. Both of these bits are cleared 
by reset. 


SCR5 - 
This bit determines the on-off state of the syn- 
thesizer. This bit is set during reset. If the synthesizer output 
is already selected by SCR2 ISCR2= 1), it cannot be turned 
off 
by SCR5 ISCR5 will 
remain at 1 to ensure that the 
selected synthesizer cannot be turned off}. 


1= Synthesizer on 
0= Synthesizer off 


SCR4 - 
This bit has two different functions. When it is 


read for the first time following a reset, it is a reset qualifier 
bit. When it is written 
to, it is used to clear the dead-man 
timer. 


Read Cycle 
1= Indicates MCU was last reset by dead-man timer. 


This bit 
is cleared by a read of system control 


register. 
0= Indicates MCU was last reset by a power-on 
or 


external reset. 
Write Cycle 
1= Clears the dead-man timer. 
0= No action taken. 


SCR3 - 
This bit performs two functions. Together, these 


functions control the operation of the crystal oscillator in the 
STOP mode. The first write to this bit accesses a latch which 
can only be modified by the first write. After the first write, 
all other writes to SCR3 are written into a second latch. Only 
if both of these latches are zero will the oscillator be stopped 
(or "killed") 
when a STOP instruction is executed. See note 
and logic diagram below for further discussion. 


1= Gate crystal oscillator on. 
0= "Kill" 
crystal oscillator. 


SCR2 - 
This bit is used to determine which clock Isynth~ 
sizer or crystal oscillator) is passed to the CPU Ivia the transi- 
tion control circuit!. 
This bit is cleared during reset. If the 
synthesizer is off (SCR5=0I, 
it cannot be selected ISCR2 
will remain at zero to ensure that a turned off synthesizer 
cannot be selected!. 


1= Select synthesizer output. 
0= Select crystal oscillator output. 


SCRl 
- 
This bit is used to either enable or disable the 
clock output Ipin 341. This bit is set during reset. 


1= COoutput enabled. 
0= COoutput disabled Ipin 34 held low!. 


SCRO - 
This bit controls the loop bandwidth of the phase 
lock loop frequency 
synthesizer. 
In the wide 
bandwidth 


mode it will lock on frequency quickly. Once it is locked, the 
narrow bandwidth 
should be used to maintain better fre- 
quency stability. This bit is set during reset. 


1= Wide bandwidth. 
0= Narrow bandwidth. 


NOTE 


The first write after reset lexternal, power on, or dead- 
man timer! will determine the crystal oscillator control 
function. That is, if a one is written to SCR3 as the first 
write after reset, then the crystal oscillator can never 
be stopped l"killed"l 
but only gated. However, if a 
zero is written to SCR3 as the first write after reset, 
then the oscillator can be "killed" 
if SCR3=0 
and a 
STOP instruction is executed. This method of controll- 
ing the oscillator is possible because the SCR3 bit is 
contained' 
in 
two 
different 
latches 
las 
illustrated 
logically below). Reads are always from SCR3b. The 
contents of latch la} are only affected by the first write 
to the system control register following an MCU reset. 
Subsequent writes to this register will alter data in 
latch Ib} only. Thus, all reads before the second write, 
will always be a one. 
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PHASE 
LOCK 
LOOP 
The phase lock loop (PLLI consists of: a digital phase 


detector, 
a variable bandwidth 
loop filter, a voltage con- 


trolled oscillator (VCOI, and a feedback frequency divider. A 
small external capacitor (typically 0.1 microfarads) is used by 
the loop filter. The synth VSS pin is the ground for the PLL 
and may be bypassed to minimize noise. 


The phase detector compares the frequency and phase of 
the 
feedback 
frequency 
(fFB) 
and the crystal 
oscillator 
reference 
frequency 
(fREF) 
and 
generates 
the 
output, 


4>COMP, as shown in Figure 18. The output waveform 
is 


then integrated and amplified. The resultant dc voltage is ap- 
plied to the voltage controlled oscillator. The output of the 
VCO is divided by a fixed frequency divider of 64 (in the 


5-volt partl or 16 (in the 3-volt partl to provide the feedback 
frequency for the phase detector. 


The startup time and frequency stability of the PLL can be 


changed via the variable bandwidth control in the loop filter. 
For the fastest startup, the low stability mode (SCRO= 11 
should be used. The high stability mode (SCRO= 01responds 
slowly and is normally used only after the PLL is at or near 
the operating frequency (see Figure 191. 


The loop filter can source or sink only small currents in the 


high stability mode (approximately 1 microampl. 
Therefore, 


the external filter capacitor (XFCI should be selected for very 
low leakage. The printed circuit board must be clean and free 
from conductive material. The capacitor should be located as 
close to the microcomputer as possible to minimize noise. 


Bandwidth 


Control 


ISCROJ 


To The 


Transition 
Control Circuit 


The MCU has a set of 61 basic instructions. 
They can be 
divided 
into 
five 
different 
types: 
register/memory, 
read- 


modify-write, 
branch, 
bit 
manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain each type. 
All the in- 
structions 
within 
a given 
type are presented 
in individual 
tables. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these instructions 
use two 
operands. 
The first 
operand is either the accumulator 
or the index register. The 


second operand is obtained 
from memory using one of the 
addressing modes. The operand for the jump unconditional 
IJMPI 
and jump to subroutine 
IJSRI instructions 
is the pro- 
gram counter. 
Refer to Table 6 


REAO-MODiFY-WRITE 
INSTRUCTIONS 


These instructions 
read a memory location 
or a register, 


modify 
or test its contents, 
and write 
the modified 
value 
back to memory or to the register. The test for negative or 
zero nSTI 
instruction 
is an exception 
to the read-modify- 
write sequence since it does not modify the value. Refer to 
Table 7. 


BRANCH 
INSTRUCTIONS 


Most branch instructions 
test the state of the condition 


code 
register 
and if certain 
criteria 
are met, 
a branch 
is 
executed. 
This adds an offset between 
- 127 and + 128 to 
the current 
program counter. 
Refer to Table 8. 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting 
or clearing any bit which 
resides in the first 128 bytes of the memory space (where all 
port registers, port DDRs, timer, timer control, 
system con- 


trol and on-chip 
RAM residel. 
Bit manipulation 
in the ROM 
mapped area will not affect data in the ROM. An additional 
feature allows the software to test and branch on the state of 
any bit within 
the first 256 locations. 
The bit set, bit clear, 


and bit test and branch functions 
are all implemented 
with a 


single instruction. 
For the test and branch instructions, 
the 


value of the bit tested is automatically 
placed in the carry bit 


of the condition 
code register. 
Refer to Table 9. 


NOTE 


The MCU is actually capable of operating on the bit set 
and bit clear instructions 
anywhere 
in the first 256 
bytes; however, 
since only ROM resides in the upper 
128 bytes the bit set/ clear instructions 
have no affect 


on the upper 128 bytes. 


CONTROL iNSTRUCTIONS 


These 
instructions 
are 
register 
reference 
instructions 
and 
are used to control 
processor 
operation 
during 
program 
execution. 
Refer to Table 10. 


OPCODE MAP 


Table 11 is an opcode map for the instructions 
used on the 
MCU. 


ALPHABETICAL 
LISTING 


The complete instruction 
set is given in alphabetical 
order 
in Table 12. 


The MCU uses ten different 
addressing modes to provide 


the programmer with an opportunity 
to optimize the code to 
all situations. 
The various indexed addressing modes make it 
possible to locate data tables, code conversion 
tables, and 
scaling tables anywhere in the memory space. Short indexed 
accesses are single byte instructions, 
while 
the longest in- 
structions 
(three bytes) permit accessing tables throughout 
memory. 
Short absolute (direct! and long absolute (extend- 


edl addressing 
are also included. 
One and two byte direct 
addressing instructions 
access all data bytes in most applica- 


tions. 
Extended 
addressing 
permits 
jump 
instructions 
to 


reach all memory. Table 12 shows the addressing modes for 
each instruction, 
with the effects each instruction 
has on the 
condition 
code register. An opcode map is shown 
in Table 


11. 


The term "effective 
address" lEAl is used in describing the 


various addressing modes, and is defined as the byte address 
to or from which the argument 
for an instruction 
is fetched 
or stored. 
The ten addressing 
modes of the processor are 
described below. Parentheses are used to indicate "contents 
of" 
the location or register referred to; e.g., IPCl indicates 


the contents 
of the location pointed to by the PC. An arrow 
indicates "is replaced by", and a colon indicates concatena- 
tion of two bytes. For additional details and graphical illustra- 
tions, 
refer to the M6805 HMOSIMI46805 
CMOS Familv 
Microcomputer/Microprocessor 
User's Manua/. 


INHERENT 


In inherent 
instructions, 
all the information 
necessary to 
execute the instruction 
is contained 
in the opcode. 
Opera- 


tions specifying 
only the index register or accumulator, 
and 
no other arguments, 
are included in this mode. 


IMMEDIATE 


In immediate addressing, 
the operand is contained 
in the 
byte immediately 
following 
the opcode. 
Immediate address- 


ing is used to access constants 
which do not change during 
program execution 
le.g., 
a constant 
used to initialize a loop 


counter!. 


DIRECT 


In the direct addressing mode, the effective address of the 
argument 
is contained in a single byte following 
the opcode 
byte. Direct addressing 
allows the user to directly 
address 
the lowest 256 bytes in memory with a single two byte in- 
struction. 
This includes all on-chip 
RAM and I/O registers, 
and 128 bytes of on-chip ROM. Direct addressing is efficient 
in both memory and time. 


EA= IPC+ 11; PC-PC+2 
Address Bus High-O; 
Address Bus Low-IPC+ 
11 


• 


• 


EXTENDED 
In the extended addressing mode, the effective address of 
the argument is contained in the two bytes following the op- 
code. 
Instructions 
with 
extended 
addressing modes are 
capable of referencing arguments anywhere in memory with 
a single three-byte instruction, 
When using the Motorola 
assembler, the user need not specify whether an instruction 
uses direct or extended addressing. The assembler auto- 
matically selects the most efficient addressing mode. 


EA= IPC+ lI:IPC+ 
2); PC-PC+3 
Address Bus High-(PC+ 
11;Address Bus Low-(PC+2) 


INDEXED. NO OFFSET 
In the indexed, no offset addressing mode, the effective 


address of the argument 
is contained 
in the 8-bit index 


register. Thus, this addressing mode can access the first 256 
memory locations. 
These instructions 
are only one byte 


long. This mode is used to move a pointer through a table or 
to address a frequently referenced RAM or 1/0 
location. 


EA=X; 
PC-PC+1 
Address Bus High-O; 
Address Bus Low-X 


INDEXED. 8-BIT OFFSET 


Here the EA is obtained by adding the contents of the byte 


following the opcode to that of the index register; therefore, 
the operand is located anywhere within 
the lowest 511 
memory locations. For example, this mode of addressing is 
useful for selecting the mth element in an n element table. All 
instructions are two bytes. The contents of the index register 
IXI is not changed. The contents of (PC+ 11is an unsigned 
8-bit integer. One byte offset indexing permits look-up tables 
to be easily accessed in either RAM or ROM. 


EA= X+ (PC+ 11; PC-PC+ 
2 


Address Bus High-K; 
Address Bus Low-X+ 
(PC+ 11 
Where: 
K = The carry from the addition of X + (PC+ 11 


INDEXED. 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the effec- 


tive address is the sum of the contents of the unsigned 8-bit 
index register and the two unsigned bytes following the op- 
code. This addressing mode can be used in a manner similar 
to indexed 8-bit offset, except that this three byte instruction 
allows tables to be anywhere in memory (e.g., jump tables in 
ROMI. As with direct and extended, the M6805 assembler 
determines the most efficient form of indexed offset; 8- or 
16-bit. The contents of the index register is not changed. 


EA= X+ [(PC+ lI:(PC + 2)J; PC-PC+3 


Address Bus High-(PC+ 
1)+ K; 
Address Bus Low-X+(PC+21 


Where: 


K= The carry from the addition of X + (PC+ 2) 


RELATIVE 


Relative addressing is only used in branch instructions. In 


relative addressing, the contents of the 8-bit signed byte 
following the opcode (the offset) is added to the PC if and 
only if the branch condition is true. Otherwise, control pro- 
ceeds to the next instruction. The span of relative addressing 
is limited to the range of -126 
to 
+ 129 bytes from the 


branch instruction opcode location. The Motorola assembler 
calculates the proper offset and checks to see if it is within 
the span of the branch. 


EA= PC+ 2+ IPC+ 11; PC-EA 
if branch taken; 


otherwise, EA= PC- 
PC+ 2 


BIT SET/CLEAR 


Direct addressing and bit addressing are combined in in- 


structions which set and clear individual memory and 110 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified within the first three 
bits of the opcode. The bit set and clear instructions occupy 
two bytes, one for the opcode (including the bit numberl and 
the other to address the byte which 
contains the bit of 


interest. 


EA=IPC+lI; 
PC-PC+2 
Address Bus High - 
0; Address 8us Low - 
(PC+ 11 


BIT TEST AND BRANCH 
Bit test and branch is a combination of direct addressing, 


bit set or bit clear addressing, and relative addressing. The 
actual bit to be tested, within the byte, is specified within the 
low order nibble of the opcode. The address of the data byte 
to be tested is located via a direct address in the location 
following 
the opcode byte (EA1), The signed relative 8-bit 
offset is in the third byte (EA2) and is added to the PC if the 
specified bit is set or cleared in the specified memory loca- 
tion. This single three byte instruction allows the program to 
branch based on the condition of any bit in the first 256 loca- 
tions of memory. 


EA1=(PC+1I 


Address Bus High - 
0; Address 8us Low - 
(PC+ 11 


EA2= PC+ 3+ IPC+ 21; PC-EA2 
if branch taken; 
otherwise, PC- 
PC+ 3 


Addressing Modes 


Immediate 
Direct 
Extended 
Indexed 
Indexed 
Indexed 
(No Offset) 
IB-Bit O!fset! 
(16-Bit 
Offset) 


Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 


Function 
Mnemonic 
Code 
Bytes 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from Memory 
LOA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
06 
3 
5 


Load X from Memory 
LOX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
OE 
3 
5 


Store A In Memory 
STA 
- 
- 
- 
B7 
2 
4 
C7 
3 
5 
F7 
1 
4 
E7 
2 
5 
07 
3 
6 


Store X In Memory 
STX 
- 
- 
- 
BF 
2 
4 
CF 
3 
5 
FF 
1 
4 
EF 
2 
5 
OF 
3 
6 


Add 
Memory 
to A 
AOO 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
OB 
3 
5 
Add 
Memory 
and 
AOC 
E9 
2 
09 
3 
5 
Carry to A 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
3 
4 


Subtract Memory 
SUB 
AO 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
00 
3 
5 


Subtract Memory 
from 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
02 
3 
5 
A With Borrow 


ANO 
Memory 
to A 
ANO 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
04 
3 
5 


OR Memory With A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
OA 
3 
5 


ExclUSive OR Memory 
EOR 
A8 
2 
2 
BB 
2 
3 
C8 
3 
4 
F8 
1 
3 
E8 
2 
4 
08 
3 
5 
With A 


ArithmetIc 
Compare A 
CMP 
A1 
2 
2 
B1 
2 
3 
C1 
3 
4 
F1 
1 
3 
E1 
2 
4 
01 
3 
5 
WIth Memory 


Anthmetlc 
Compare X 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
03 
3 
5 
with Memorv 


Bit Test Memory With 
BIT 
A5 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A I LOQlcal Compare I 


Jump UnconditIonal 
JMP 
- 
- 
- 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
OC 
3 
4 


Jump to Subroutine 
JSR 
- 
- 
- 
BO 
2 
5 
CO 
3 
6 
FO 
1 
5 
ED 
2 
6 
00 
3 
7 


Addressing 
Modes 


Inherent 
(A) 
Inherent 
IX) 
Direct 
Indexed 
Indexed 
(No Offset! 
IS-Bit Offset) 


Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycle. 
Code 
Byte. 
Cycle. 
Code 
Bytes 
Cycle. 


Increment 
INC 
4C 
1 
3 
5C 
1 
3 
3C 
2 
5 
7C 
1 
5 
6C 
2 
6 


Decrement 
OEC 
4A 
1 
3 
5A 
1 
3 
3A 
2 
5 
7A 
1 
5 
6A 
2 
6 


Clear 
CLR 
4F 
1 
3 
5F 
1 
3 
3F 
2 
5 
7F 
1 
5 
6F 
2 
6 


Complement 
COM 
43 
1 
3 
53 
1 
3 
33 
2 
5 
73 
1 
5 
63 
2 
6 


Negate 
NEG 
40 
1 
3 
50 
1 
3 
30 
2 
5 
70 
; 
5 
60 
2 
6 
12'5 Complement) 


Rotate Left Thru Carry 
ROL 
49 
1 
3 
59 
1 
3 
39 
2 
5 
79 
1 
5 
69 
2 
6 


Rotate Right Thru 
ROR 
46 
, 
3 
56 
1 
3 
36 
2 
5 
76 
1 
5 
66 
2 
6 
Carry 


Logical Shift Left 
LSL 
48 
1 
3 
56 
1 
3 
38 
2 
5 
7B 
1 
5 
68 
2 
6 


Logical Shift Right 
LSR 
44 
1 
3 
54 
1 
3 
34 
2 
5 
74 
1 / 
5 
64 
2 
6 


ArithmetiC ShIft Right 
ASR 
47 
1 
3 
57 
1 
3 
37 
2 
5 
/7 
/1 
5 
67 
2 
6 


Test for Negative 
TST 
40 
1 
3 
50 
1 
3 
30 
2 
4 
7D 
1 
4 
60 
2 
5 
or 7ero 
• 


Relative 
Addressing 
Mode 


Function 
Mnemonic 
Op 
I 
I 
Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
3 


Branch 
Never 
BRN 
21 
2 
3 


Branch 
IFF Higher 
BHI 
22 
2 
3 


Branch IFF Lower or Same 
BLS 
23 
2 
3 


Branch 
IFF Carry Clear 
BCC 
24 
2 
3 


I Branch 
IFF Higher 
or Same 1 
IBHSI 
24 
2 
3 


Branch 
IFF Carry Set 
BCS 
25 
2 
3 


IBranch 
IFF Lowerl 
IBLDI 
25 
2 
3 


Branch 
IFF Not Equal 
BNE 
26 
2 
3 


Branch 
IFF Equal 
BED 
27 
2 
3 


Branch 
IFF Half Carry Clear 
BHCC 
2B 
2 
3 


Branch 
IFF Half Carry Set 
BHCS 
29 
2 
3 


Branch 
IFF Plus 
BPL 
2A 
2 
3 


Branch IFF Minus 
BMI 
2B 
2 
3 


Branch IFF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
3 


Branch IFF Interrupt 
Mask Bit is Set 
BMS 
20 
2 
3 


Branch IFF Interrupt 
Line is Low 
BIL 
2E 
2 
3 


Branch IFF Interrupt 
Line IS High 
BIH 
2F 
2 
3 


Branch to Subroutine 
. 
BSR 
AD 
2 
6 


Addressing 
Modes 


Bit Set/Clear 
Bit Test and Branch 


Function 
Mnemonic 
Op 
I 
I 
Op 
I 
I 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IFF Bit n IS Set 
BRSET n In=O 
.. 71 
- 
- 
- 
10n 
3 
5 


Branch IFF Bit n IS Clear 
BRCLR 
n In=O 
.. 71 
- 
- 
- 
01 + 2-" 
3 
5 


Set Bit n 
BSET n In~O 
.. 71 
10+ 2-n 
2 
5 
- 
- 
- 


Clear Bit n 
BCLR n In-O 
. .11 
11+ 2-n 
2 
5 
- 
- 
- 


Inherent 


Function 
Mnemonic 
Op 
I 
I 
Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
1 
2 


Transfer X to A 
TXA 
9F 
1 
2 


Set Carry 
Bit 
SEC 
99 
1 
2 


Clear Carry Bit 
CLC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
B3 
1 
10 


Return from Subroutine 
RTS 
Bl 
1 
6 


Return from Interrupt 
RTI 
00 
1 
9 


Reset Stack Pointer 
RSP 
9C 
1 
2 


No-Operation 
NDP 
90 
1 
2 


Stop 
STOP 
BE 
1 
2 


Wait 
WAIT 
BF 
1 
2 


Bit Manioulation 
Brlnch 
Reed/Modify/Write 
Control 
Reailter/Memorv 


I 
I 
I 
1 
~ 
~ 
.ri>1 
oo~o 
~\ 
0;'." 
0;:'1 
01~0 
8 
1~' 
A 
,~, 
,foo 
,~, 
'1~0 
,r" 
H~ 
0111 
'000 
1010 


r2n 
BRSEJ~' 
I,BSE~~; 
BRA,,, 
NEGOIR 
NE~NH 
NEG1NH 
NEG 
0 
NEG 
' 
ATI 
11 
SU~" 
SUB 
J 
SU~'T 
SUB", 
SUB"I 
SUB 
,: 
r2n 
, 
, 
'" 
, 
" , 
, H 
-nlR 
, 


BCL~~; 


3 
• 
2 
3 
4 
, 
4 
3 
I 
BRCL~~ 
BRNR~' 
RTS 
CMP 
CMP 
CM~XT 
CMP 
CMP 
CMP 
~I 
000' 
, 
'NH 
2 
IMM 
2 
IR 
3 
3 
" 
2 
'" 


I 
" 


JIO 


.BRSEJ," 
BSEU; 
BHI,,: 
SBC 
SBCOIR 
SB~XT 
SBC 
2 
SBC 
SBC 
m~n 
IMM 
3 
" 
IXI 
I 
" 


BRCL:/ 


3 
, 
3 
3 
• 
, 
10 
4 


~1 
BCL~ic 
BLS", 
COMOIR 
1 COM~H 
1 COMI~H 
COM 


1X1 
COM 
SW:NH 
CPX 
CPX 
CP~XT 
CPXIX, 
, 
CPXIX, 
CPX 
~II 
, 
" , 
2 
IMM 
2 
OIR 
3 
I 
IX 


BRSEJ;' 


3 
, 
3 
3 
• 
LSR 
' 


4 
o,~ 
BSE~~r 
BCC." 
lS~TR 
lSRA 
LSRX 
LSR 
AND 
AND 


nlH 
AN~XT 
AND 
2 
AND 
AND 
01t, 
, 
INH 
, 
INH 
IX' 
, 
" 
1M 
" 
IXI 
I 
" 


BRCL:l 
BCS 
3 


4 
4 
BIT 
,: 
l1~' 
BCL~~c 
BI~" 
BIT 
BIT~vT 
BIT 
IV' , 
BIT 
'" 
O,~, 
-,,, 
IR 


BRSEJ! 
BNE,,: 


3 
3 
• 
, 
2 
3 
4 
4 
LOA 
3 
~n 
BSE~~r 
RORn" 
1 ROA~ 
•.• 
ROR~,...•.• 
ROR 
ROR 
LOA 
LOA 
LO';XT 
LOA 
, 
LOA 
,~o 
, 


" 
, 
" 


IMM 
2 
IR 
3 
" 
II 
I 
IX 


BED 
3 
, 
3 
3 
• 
, 


TAX 
2 
STA 
• 
7 
7 
BRCL:l. 
BCL~~c 
ASR 
OIR 
1 ASR~H 
ASAX 
ASR 
ASR 
STA 
ST~XT 
STA1v, 
, 
STAI\/, 
"' 
'Ie 
, 
INH 
'" 


, 
" 
, 
INH 
IR 
I 
IX 
III 


r, 
BHC~,: 
LSL 
' 
CLC'N~ 


4 
EOR 
' 


I~ 
BRSEJ," 
BSE~~r 
lSlnlA 
lSlA 
lSlX 
LSL 
EO~U" 
EORnlR 
EOR~XT 
EOR 
EOR 
,~ 
, 
INH , 
'NH 
'" 
, 
" 
" 
, 
IXl 
I 
" 
3 
3 
3 
• 
, 
2 
2 
4 
4 
,~, 
BRCL:,". 
BCL~~c 
I, BHC~" 
ROlO1R 
ROLA 
ROLX 
ROL 
ROL 
SEC 
AOC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 
, 
INH 
1 
INH 
IX' 
, 
IX 
, 
INH 
2 
IMM 
2 
OIR 
3 
EXT 
3 
"2 
2 
"I 
I 
IX 
"Xli 


3 


DEC 
' 
Cli 
2 
,.eo 
BRSEJ? 
BSE~~r 
r, 
BPL,,, 
DECnlR 
DECA 
DECX 
DEC 
ORA 
ORA 
OA~XT 
ORA 
ORA 
ORA 
A 
, 
INH 
, 
INH 
2 
IX' 
, 
IX 
, 
INH 
2 
IMM 
2 
OIR 
3 
3 
1X2 
2 
'" 
, 
IX 
1010 


B 
BRCL:T5. 
BCL~~c 
I, 
BMI,,, 
SEI 
' 
ADD 
ADDnlR 
AD~XT 
ADD 
ADD 
ADD 
B 
III 
, 
INH 
IMM 
3 
1X2 
2 
'" 
, 
" 


lOll 


3 
• 
, 


RSP 
2 


1~ 
BRSEJ? 
BSE~~r 
r, 
BM~" 
INCnlR 
INCA 
INCX 
INC 
INC 
JMP 
JM~XT 
JMP 
JMP 
JMP 
C 
, 
INH 
, 
INH 
'" 
, 
IX 
, 
'NH 
2 
OIR 
3 
3 
1X2 
2 
IX' 
, 
IX 
1100 


0 
BRCL:\6. 
BCL~~c 
I, BMS,,, 
TST 
TSTA 
TSTX 
TST 
TST 
• 
NOP 
, 


BSAR~' 
2 
JSR 
JSR~XT 
JSR 
JSR 
JSR 
Ig, 
III 
nlR 
, 
INH 
, 
INH 
IX' 
, 
IX 
, 
'NH 
IR 
3 
3 
"2 
2 
'" 
, 
" 
, 
3 
STOP' 
LOX 
J 
1,E,n 
BRSEJl. 
BSE~~r 
I, 
BllR~' 
LOX 
LOX 
LOXEX' 
LOX 
2 
LOX 
E 
, 
INH 
'MM 
2 
OIR 
3 
3 
'X 
IX' 
, 
" 


1110 


BIH 
,j 
• 
CLR 
' 
WAIT' 
TXA 
' 
STX 
• 
F 
BRCLR7 
BCLR7 
CLR 
CLRA 
CLRX 
CLR 
STX 
STX 
STX 
STX 
F 
Ill' 
3 
.T. 
2 
asc 
2 
REl 
2 
OIR 
, 
INH 
, 
INH 
2 
'" 
, 
IX 
I 
INH 
I 
INH 
2 
OIR 
3 
EXT 
3 
'X2 
2 
'X, 
, 
" 
111\ 


Inherent 
Accumulator 
Index 
Register 
Immediate 


Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed 
INo Offset 1 
Indexed. 
1 Byte IB-Bitl 
Offset 


Indexed. 
2 Byte 116-Bltl Offset 


• 


• 


Addressing 
Modes 
Condition 
Codes 


Indexed 
Indexed 
Indexed 
Bit 
Bit 
Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
INo Offset! 
18 Bits! 
116 Bits! 
Setl 
Test ft 
H 
I 
N 
Z 
C 
Cleer 
Branch 


ADC 
x 
X 
x 
X 
X 
X 
A • 
A 
A 
A 


ADD 
X 
X 
X 
X 
A I. 
A 1, 


AND 
X 
X 
X 
X 
X 
X 
• 
A 
A • 
ASL 
X 
X 
X 
X 
• 
A 
A 
A 


ASA 
X 
X 
X 
X 
• 
A 
A 


BCC 
X 
• • • 
BCLA 
X 
• • • 
BCS 
X 
• • • 
BED 
X 
• • • 
BHCC 
X 
• • • 
BHCS 
X 
• • • 
BHI 
X 
• • • 
BHS 
X 
• • • 
BIH 
X 
• • • 
BIL 
X 
• • • 
BIT 
X 
X 
X 
X 
X 
X 
• 
A 
A 


BLO 
X 
• 
• 
BLS 
X 
• 
• 
BMC 
X 
• 
• 
BMI 
X 
• 
• 
BMS 
X 
• 
• 
BNE 
X 
• 
•.-.- 


BPL 
X 
• 
• 
BAA 
X 
• 
• 
BAN 
X 
• 
• 
BACLA 
X 
• 
• 
A 


BASET 
X 
• 
• 
A 


BSET 
X 
• 
• • 
BSA 
X 
• 
• • 


CLC 
X 
• 
• 0 


CLI 
X 
D 
• • 


CLA 
X 
X 
X 
X 
0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
A 
A 
A 


COM 
X 
X 
X 
X 
A 
A 
1 


CPX 
X 
X 
X 
X 
X 
X 
A 
A 
A 


DEC 
X 
X 
X 
X 
A 
A • 
EOA 
X 
X 
X 
X 
X 
X 
A 
A • 
INC 
X 
X 
X 
X 
A 
A • 


JMP 
X 
X 
X 
X 
X 
• • • 
JSA 
X 
X 
X 
X 
X 
• • • 
LOA 
X 
X 
X 
X 
X 
X 
A 
A • 
LOX 
X 
X 
X 
X 
X 
X 
.- 
TT .- 


LSL 
X 
X 
X 
X 
A 
A 
A 


LSA 
X 
X 
X 
X 
0 
A 
A 


NEG 
X 
X 
X 
X 
.- 
TT 
T 


NOP 
X 
• 
• • • 
OAA 
X 
X 
X 
X 
X 
X 
.- 
T T .- 


AOL 
X 
X 
X 
X 
• 
AT 
T 


ADA 
X 
X 
X 
X 
• • A 
A 
A 


ASP 
X 
• • • • • 
ATI 
X 
IT 
T 


ATS 
X 
• • • • • 
SBC 
X 
X 
X 
X 
X 
X 
• • A 
A 
A 


SEC 
X 
• • • • 
1 


SEI 
X 
• 
1 • • • 
STA 
X 
X 
X 
X 
X 
• • A 
A • 
STOP 
X 
• 0 • • • 
STX 
X 
X 
X 
X 
X 
• • A 
A • 
SUB 
X 
X 
X 
X 
X 
X 
• • A 
A 
A 


SWI 
X 
• 
1 • • • 
TAX 
X 
• 
,..-.- 
TST 
X 
X 
X 
X 
• • A 
A • 
TXA 
X 
• • • • • 
WAIT 
X 
• ·1· • 


Condition 
Code 
SymbolS 


H 
Half Carry {From BII 31 
I 
Interrupt Mask 


N 
Negallve 
IS,gn Bill 
Z 
Zero 
C 
Carryl Borrow 


1\ 
Test 
and 
Set It True 
Cleared 
OtherWise 


• 
Not Affected 


~ 
Load 
CC 
Reglsler 
From 
Stack 


Cleared 
Set 


The following 
information 
is required 
when 
ordering 
a 


custom 
MCU. 
This 
information 
may 
be 
transmitted 
to 
Motorola 
in the following 
media: 


To initiate a ROM pattern for the MCU, it is necessary to 
first contact your local field service office, local sales person, 
or your local Motorola 
representative. 


EPROMs 


The MCM2716 or MCM2532 type EPROMs, programmed 


with the customer 
program (positive logic sense for address 


and datel, 
may be submitted 
for pattern 
generation. 
The 
EPROMs must be clearly marked to indicate which 
EPROM 


corresponds 
to which 
address space. Figure A-1 illustrates 


the marking 
for the two 
MCM2716 
EPROMs required 
to 


emulate the MC146805H2. 


After the EPROM(s) are marked, they should be placed in 


conductive 
IC carriers 
and 
securely 
packed. 
Do not 
use 
styrofoam. 


VERIFICATION 
MEDIA 


All original 
pattern 
media (EPROMs or floppy 
diskl are 


filed for contractual 
purposes and are not returned. 
A com- 


puter listing of the ROM code will be generated and returned 
along with 
a listing verification 
form. 
The listing should be 
thoroughly 
checked 
and the verification 
form 
completed, 
signed, 
and returned 
to Motorola. 
The signed verification 
form constitutes 
the contractual 
agreement 
for creation 
of 
the customer mask. If desired, Motorola will program a blank 
MCM2716 or MCM2532 EPROM (supplied by the customer! 
from the data file used to create the custom mask to aid in 
the verification 
process. 


ROM VERIFICATION 
UNITS 


Ten MCUs containing 
the customer's 
ROM pattern will be 


sent for program 
verification. 
These units 
will 
have been 
made using the custom 
mask but are for the purpose 
of 
ROM verification 
only. For expediency 
they are usually un- 


marked, 
packaged 
in ceramic, 
and 
tested 
only 
at 
room 
temperature 
and five volts. These RVUs are included in the 
mask charge and are not production 
parts. These RVUs are 
not backed nor guaranteed 
by Motorola 
Quality Assurance. 


FLEXIBLE DISKS 


The disk media submitted 
must 
be single-sided, 
single 
density, 
8-inch, 
MDOS compatible 
floppies. 
The customer 
must clearly label the disk with 
the ROM pattern file name 


and 
company 
name. 
The 
floppies 
are 
not 
returned 
by 


Motorola as they are used for archival storage. The minimum 
MDOS system files as well as the absolute binary object file 
(filename. 
LO type of file) from the M6805 cross assembler 
must be on the disk. An object 
file made from a memory 


dump 
using 
the ROLLOUT 
command 
is also admissable. 


Consider submitting 
a source listing 
as well as: filename, 
.LX(EXORciser 
loadable format). 
This file will of course be 
kept confidential 
and is used 1) to speed up the process in 


house if any problems arise, and 2) to speed up our customer 
to factory 
interface 
if a user finds any software 
errors and 
needs assistance quickly from the factory 
representative. 


MDOS is Motorola's 
Disk Operating 
System available on 
development 
systems such as EXORciser, EXORset, etc. 


• 


• 


OPTION LIST 


Select the options for the MCU from the following 
list. A manufacturing 
mask will be generated from this information. 
Select 


one 
in each 
section. 


Operating Voltage 
o 3 V 1262kHz bus with 32.768 kHz Crystall 
o 5 V 11.049 MHz bus with 32.768 kHz Crystall 


Interrupt 
Trigger 
o Edge-Sensitive 
o Level- 
and Edge-Sensitive 


Pattern 
Media 
02532 
EPROM 
02716 
EPROM 
o MOOS Disk File 
o INotel 
_ 


® MOTOROLA 


The MCl46818 
Real-Time Clock plus RAM is a peripheral device 
which 
includes 
the 
unique 
MOTEL concept 
for 
use with 
various 
microprocessors, 
microcomputers, 
and larger computers. 
This part 
combines three unique features: a complete tlme-of-day 
clock with 


alarm and one hundred year calendar, a programmable periodic Inter- 
rupt and square-wave generator, 
and 50 bytes of low-power 
static 


RAM. The MCl46818 uses high-speed CMOS technology to Interface 
with 1 MHz processor buses, while consuming very little power. 


The Real-Time Clock plus RAM has two distinct uses. First, It IS 


designed as a battery powered CMOS part (m an otherwise NMOSITTL 
system) including all the common battery backed-up functions such as 
RAM, time, and calendar. Secondly, the MC146818 may be used with a 
CMOS 
microprocessor 
to relieve the software 
of 
the timekeeping 
workload and to extend the available RAM of an MPU such as the 
MCl46805E2. 


• 
Low-Power, High-Speed, High-Density CMOS 


• 
Internal Time Base and Oscillator 


• 
Counts Seconds, Minutes, and Hours of the Day 


• 
Counts Days of the Week, Date, Month, and Year 


• 
3 V to 6 V Operation 


• 
Time Base Input Options: 4.194304 MHz, 1.048576 MHz, or 
32.768 kHz 


• 
Time Base Oscillator for Parallel Resonant Crystals 


• 
40 to 200I'W Typical Operating Power at Low Frequency Time Base 


• 
4.0 to 20 mW Typical Operating Power at High Frequency Time 
Base 


• 
Binary or BCD Representation of Time, Calendar, and Alarm 


• 
12- or 24-Hour Clock with AM and PM in 12-Hour Mode 


• 
Daylight Savings Time Option 


• 
.Automatic End of Month Recognition 


• 
Automatic 
Leap Year Compensation 


• 
Microprocessor Bus Compatible 


• 
MOTEL Circuit for Bus Universality 


• 
Multiplexed Bus for Pin Efficiency 


• 
Interfaced with Software as 64 RAM Locations 


• 
14 Bytes of Clock and Control Registers 


• 
50 Bytes of General Purpose RAM 


• 
Status Bit Indicates Data Integrity 


• 
Bus Compatible Interrupt Signals IIRQI 


• 
Three Interrupts are Separately Software Maskable and Testable 


Time-of-Day Alarm, Once-per-Second to Once-per-Day 


Periodic Rates from 30.5 I'S to 500 ms 
End-of-Clock Update Cycle 


• 
Programmable Square-Wave Output Signal 


• 
Clock Output May Be Used as Microprocessor Clock Input 
At Time Base Frequency + 1 or +4 


• 
24-Pin Dual-In-Line Package 


• 
Chip Carrier Also Available 


REAL-TIME 
CLOCK 
PLUS RAM 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
716 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
709 


S SUFFIX 


CERDIP 
PACKAGE 


CASE 
623 


Z SUFFIX 


CHIP 
CARRIER 


CASE 
761 


~." 


~<> 


PIN ASSIGNMENT 


NC 
VDD 


OSC1 
131 
SOW 


OSC2 
PS 


ADO 
181 
CKOUT 


ADI 
191 
CKFS 


AD2 
1101 
132119 
IRQ 


AD3 
7 
1111 
131118 
RESET 


AD4 
1121 
130117 
DS 


AD5 
1131 
16 
NC 


AD6 
124115 
R IN 


AD7 
123114 
AS 


VSS 
122113 a 


Pin numbers in parentheses 
represent equivalent Z 
suffix chip carrier 
pins. 
Pins that 
have not been 


designated for the chip carrier are not connected. 


II 


• 


OSC1 


OSC2 


RESET 


PS 


CKOUT 


CKFS 


Clockl 


Calendar 
Update 


Clock, Alarm, 
Calendar 
RAM 
(10 Bytes) 


BCOI 
Binary 
Increment 


Ratings 
Symbol 
Value 
Unit 


Supply 
Voltage 
VDD 
0.3 to +8.0 
V 


All Input 
Voltages 
Except 
OSC1 
Vin 
VSS 
0.5 to VDD + 0.5 
V 


Current Drain per Pin Excluding 
I 
10 
mA 


VDD 
and VSS 


Operating 
Temperature 
Range 


MC14681B 
TL to TH 
MC146818C 
IVDD = 3.0 to 5.5 V 
TA 
o to 70 
°C 


operation) 
-40 
to 85 


Storage Temperature 
Range 
Tstg 
-55 
to + 150 
°C 


This device contains 
circuitry 
to protect 
the in- 


puts against damage due to high static voltages 
or electric fields; however. 
it is advised that nor- 


mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance 
circuit. For proper opera- 


tion it is recommended 
that Vin and Vout 
be con- 
strained 
to 
the 
range 
VSSslVin 
or 
Vout) 


:s VOD. 
Reliability of operation 
is enhanced 
if 
unused 
inputs are tied to an appropriate 
logic 
voltage 
level le.g., 
either 
VSS 
or VDDI. 
Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Plastic 
120 
Cerdip 
8JA 
65 
°C/W 
Ceramic 
50 


Characteristics 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
fosc 
32768 
32.768 
kHz 


Output Voltage 
VOL 
- 
0.1 
V 
ILoad< 
10 ~A 
VOH 
VOO-O.l 
- 


100 
- 
Bus Idle 
CKOUT = fose, 
CL = 15 pF; SOW 
Oisabled, 
CE= VOO - 0.2; 
CL IOSC2} = 10 pF 


fose = 32.768 
kHz 
1003 
- 
50 
~A 


IDO - 
QUiescent 
1004 
50 
~A 
fose= 
DC; OSCl 
= DC; 
All Other 
Inputs = VOO - 0.2 V; 


No Clock 


Output 
High Voltage 


ILLoad~ 
-025 
mA. 
All Outputs} 
VOH 
2.7 
- 
V 


Output 
Low Voltage 


II Load = 0.25 mA. 
All Outputs} 
VOL 
- 
0.3 
V 


Input 
High Voltage 
ADO-A07. 
OS. AS. R/W. 
CE. 
VIH 
2.1 
VOO 
V 
RESET. 
CKFS. 
PS.OSCl 
2.5 
VOO 


Input Low Voltage 
(All Inputs) 
VIL 
VSS 
0.5 
V 


Input Current 
All Inputs 
lin 
±1 
~A 


Three-State 
Leakage 
IRO, AOO-A07 
ITSL 
- 
± 10 
~A 


Characteristics 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
fosc 
32.768 
4194304 
kHz 


Output 
Voltage 
VOL 
- 
0.1 


V 
ILoad< 
10 ~A 
VOH 
VOO-O.l 
- 


100 - 
Bus Idle IExternal 
Clock} 


CKOUT ~ fose. 
CL ~ 15 pF; SOW 
Olsabled. 
CE= vOO- 
0.2; CL IOSC21 = 10 pF 
fosc == 4.194304 
M; IZ 
1001 
- 
3 
mA 


fose= 
1.048516 
MHz 
1002 
- 
800 
~A 
fose~ 
32.768 
kHz 
1003 
- 
50 
~A 


100 
Quiescent 
1004 
50 
~A 


fose= 
DC; OSCl 
= DC; 


All Other 
Inputs~ 
VOO-0.2 
V; 


No Clock 


Output 
High Voltage 


IILoad~ 
-1.6 
mA. 
AOO-ADJ. 
CKOUT} 
VOH 
4.1 
- 
V 


IILoad= 
-1.0 
mA. 
SOW} 


Output 
Low Voltage 


II Load = 1.6 mA. ADO-A07. 
CKOUTI 
VOL 
- 
0.4 
V 
II Load = 1.0 mA. 
IRO and SOW} 


Input High Voltage 
CKFS. AOO-A07. 
OS. AS. R/W. 
CEo PS 
VOO 
2.0 
VOO 


RtID 
vlH 
VOO-0.8 
VOO 
V 
OSC1 
VOO-1.0 
VOO 


Input Low Voltage 
AOO-ADJ. 
OS. AS. R/W. IT 
VSS 
OB 
CKFS. 
PS. RESET 
VIL 
VSS 
08 
V 
OSCl 
VSS 
0.8 


Input Current 
All Inputs 
lin 
- 
± 1 
~A 


Three-State 
Leakage 
IFill. AOO-A07 
ITSL 
- 
±10 
~A 


• 


• 


VDD=5.0 
V 
±10% 
VDD=3.0V 
2 TIL 
and 


ldent. 
50 pF Load 
130 pF Load 


Number 
Characteristics 
Symbol 
Min 
Max 
Min 
Max 
Unit 


1 
Cycle Time 
tcyc 
5000 
- 
953 
de 
ns 


2 
Pulse Width, 
DS/E 
Low or AD/WA 
High 
PWEL 
1000 
- 
300 
- 
ns 


3 
Pulse Width, 
DS/E 
High or AD/WA 
Low 
PWEH 
1500 
- 
325 
- 
ns 


4 
Input Rise and Fall Time 
tr,tf 
- 
100 
- 
30 
ns 


8 
A/W 
Hold Time 
tAWH 
10 
- 
10 
- 
ns 


13 
A/W 
Setup 
Time 
8efore 
DSI E 
tAWS 
200 
- 
80 
- 
ns 


14 
Chip Enable Setup 
Time 
Before ASI ALE Fall 
tcs 
200 
. 
55 
. 
ns 


15 
Chip Enable Hold Time 
tCH 
10 
- 
0 
- 
ns 


18 
Aead Data Hold Time 
tDHA 
10 
1000 
10 
100 
ns 


21 
Write 
Data Hold Time 
tDHW 
100 
0 
ns 


24 
Muxed 
Address 
Valid Time 
to ASI ALE Fall 
tASL 
200 
- 
50 
- 
ns 


25 
Muxed 
Address 
Hold Time 
tAHL 
100 
- 
20 
- 
ns 


26 
Delay Time DS/E 
to ASI ALE Aise 
tASD 
500 
- 
50 
- 
ns 


27 
Pulse Width, 
ASI ALE High 
PWASH 
600 
- 
135 
- 
ns 


28 
Delay Time, 
ASI ALE to DSI E Aise 
tASED 
500 
- 
60 
- 
ns 


30 
Peripheral 
Output 
Data Delay Time from DS/E 
or AD 
tDDA 
1300 
- 
20 
240 
ns 


31 
Peripheral Data Setup Time 
tDSW 
1500 
- 
200 
- 
ns 


NOTE: 
Designations 
E, ALE, m, and WR 
refer to signals from alternative 
microprocessor signals . 


• Aefer to IMPOATANT 
NOTICES 
appearing 
on page 20 of this data sheet. 


ADO- 
AD7 


WAITE 


ADO- 
AD7 
AEAD 


NOTE: 
VHIGH=VDD-2.0 
V, VLOW~0.8 
V, for VDD=5.0 
V ± 10% 


• 


Description 
Symbol 
Min 
Max 
Un~ 


Oscillator Startup 
tRC 
- 
100 
ms 


Reset Pulse Width 
tRWL 
5 
- 
~s 


Reset Delay Time 
tRLH 
5 
- 
~s 


Power Sense Pulse Width 
tpWL 
5 
- 
~s 


Power Sense Delay Time 
tpLH 
5 
- 
~s 


IRQ Release from 
OS 
liRDS 
- 
2 
~s 


IRQ Release from 
RESET 
tlRR 
- 
2 
~s 


VRT 
Bit Delay 
tVRTD 
- 
2 
~s 


_----....J/T---s-s -- 


ov 
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The MOTEL circuit 
is a new concept 
that permits the 
MCl46818 
to be directly 
interfaced 
with 
many types of 
microprocessors. No external logic is needed to adapt to the 
differences in bus control signals from common multiplexed 


bus microprocessors. 
Practically all microprocessors interface with one of two 
synchronous bus structures. One bus was originated by the 
Motorola 
MC6800 and the other by the Intel 8080 and its 
companion part, the 8228. 


The MOTEL circuit (for MOTorola and Int~ 
bus com- 


patibility) is built into peripheral and memory ICs to permit 
direct connection to either type of bus. An industry standard 


bus structure 
is now 
available. The MOTEL concept 
is 
shown logically in Figure 9. 
MOTEL selects one of two interpretations of two pins. In 
the Motorola case, DS and R/W are gated together to pro- 
duce the internal read enable. The internal write enable is a 
similar gating of the inverse of RiW. With competitor buses, 
the inversion of RD and WR create functionally identical in- 
ternal read and write enable signals. 


The MCl46818 automatically selects the processor type by 
using AS/ ALE to latch the state of the DS/RD pin. Since DS 
is always low and RD is always high during AS and ALE, the 
latch automatically 
indicates which processor type is con- 
nected. 


Motorola 
Type 
Competitor 
Type 
MC146818 
Internal 
• 


MPU 
Signals 
MPU 
Signals 
Pm Signals 
Competitive 
Bus 
SIgnals 
0 
0 


AS 
ALE 
AS 
C 
Motorola 


Q 
Bus 


OS, E, or <1>2 
AD 
OS 
Read Enable 


The block diagram in Figure 1, shows the pin connection 
with the major internal functions of the MCl46818 Real-Time 
Clock plus RAM. 
The following 
paragraphs describe the 


function of each pin. 


VDD,VSs 


DC power is provided to the part on these two pins, VDD 
being the more positive voltage. The minimum and maxi- 
mum 
voltages are listed in the 
Electrical Characteristics 
tables. 


OSC1, OSC2 - 
TIME BASE, INPUTS 


The time base for the time functions may be an external 
signal or the crystal oscillator. 
External square waves at 
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be con- 
nected to OSC1 as shown in Figure 10. The internal tlme- 
base frequency to be used is chosen in Register A. 


The on-chip oscillator is designed for a parallel resonant 


AT cut crystal at 4.194304 MHz or 1.048576 MHz frequen- 
cies. The crystal connections are shown in Figure 11and the 
crystal characteristics in Figure 12. 


The.CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a se- 
cond crystal. The frequency of CKOUT depends upon the 
time-base frequency and the state of the CKFS pin as shown 
in Table 2. 


When the CKFS pin is tied to VDD it causes CKOUT to be 
the same frequency as the time base at the OSC1 pin. When 
CKFS is tied to VSS, CKOUT is the OSC1 time-base fre- 
quency divided by four. Table 2 summarizes the effect of 
eKFS 


4.194304 
MHz 


or 
1.048576 MHz 
or 
32768 
kHz 


~ 


VOO 


OptIonal 


1VOO-1.0 
VI 


I 
! 
• 


4.194304 
MHz, 
1.048576 MHz, 


or 
32.768 kHz 


300-470 k* 
COUIT 


L1 
Cl 
RS 
-c; :J- 
----101--- 


lose 
4.194304 
MHz 
1.048576 
MHz 
32.768 kHz 


RS I Maximum) 
750 
700 0 
50k 


CO (Maximum) 
7 pF 
5 pF 
1.7 pF 


C1 
0.012 
pF 
0.008 
pF 
0.003 pF 


Q 
50k 
35 k 
30k 


Cin/Coul 
15-30 pF 
15-40 pF 
10-22 pF 


R 
- 
300-470 k 


Rf 
10 M 
10 M 
22 M 


• 


Time Base 
Clock Frequency 
Clock Frequency 


(OSClI 
Select Pin 
Output 
Pin 
Frequency 
(CKFSI 
(CKOUTI 


4.194304 
MHz 
High 
4.194304 
MHz 


4.194304 
MHz 
Low 
1.048576 
MHz 


1.048576 
MHz 
High 
1.048576 
MHz 


1.048576 
MHz 
Low 
262.144 
kHz 


32.768 
kHz 
High 
32.768 
kHz 


32.768 
kHz 
Low 
8.192 
kHz 


sow - 
SOUARE WAVE, OUTPUT 


The SOW pin can output a signal from one of the 15 taps 


provided by the 22 internal-divider stages. The frequency of 
the SOW may be altered by programming 
Register A, as 


shown in Table 5. The SOW signal may be turned on and off 
using the SOWE bit in Register B. 


ADO-AD7 
- 
MULTIPLEXED 
BIDIRECTIONAL 
AD- 
DRESS/DATA 
BUS 


Multiplexed 
bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address- 
then-data multiplexing does not slow the access time of the 
MCl46818 since the bus reversal from address to data is oc- 
curring during the internal RAM access time. 


The address must be valid just prior to the fall of AS/ ALE 
at which time the MC146818 latches the address from ADO 
to AD5. Valid write data must be presented and held stable 
during the latter portion of the DS or WR pulses. In a read 
cycle, the MC146818 outputs eight bits of data during the 
latter portion of the DS or RD pulses, then ceases driving the 
bus (returns the output drivers to the high-impedance statel 
when DS falls in the Motorola case of MOTEL or RD rises in 
the other case. 


AS - 
MULTIPLEXED ADDRESS STROBE, INPUT 


A positive going multiplexed address strobe pulse serves 


to demultiplex the bus. The falling edge of AS or ALE causes 
the 
address 
to 
be latched 
within 
the 
MC146818. The 
automatic MOTEL circuit in the MC146818 also latches the 
state of the DS pin with the falling edge of AS or ALE. 


DS - 
DATA STROBE OR READ, INPUT 
The DS pin has two interpretations via the MOTEL circuit. 


When emanating from a Motorola type processor, DS is a 
positive pulse during the latter portion of the bus cycle, and 
is variously called DS (data strobel, 
E (enablel, and </>2(</>2 
clock!. 
During read cycles, DS signifies the time that the 
RTC is to drive the bidirectional bus. In write cycles, the trail- 
ing edge of DS causes the Real-Time Clock plus RAM to 
latch the written data. 


The second MOTEL interpretation 
of DS is that of 1m, 


MEMR, or I/OR emanating from the competitor 
type pro- 


cessor. In this case, DS identifies the time period when the 
real-time clock plus RAM drives the bus with read data. This 
interpretation 
of DS is also the same as an output-enable 
signal on a typical memory. 
The MOTEL circuit, 
within 
the MCI46818, 
latches the 
state of the DS pin on the falling edge of AS/ ALE. When the 
Motorola mode of MOTEL is desired DS must be low during 
AS/ ALE, which is the case with the Motorola multiplexed 
bus processors. To ensure the competitor mode of MOTEL, 


the DS pin must remain high during the time AS/ ALE is 
high. 


R/W 
- 
READ/WRITE, 
INPUT 


The MOTEL circuit treats the R/W pin in one of two ways. 


When a Motorola type processor is connected, 
R/W 
is a 


level which indicates whether the current cycle is a read or 
write. A read cycle is indicated with a high level on R/W 
while DS is high, whereas a write cycle ISa low on R/W dur- 
ing DS 
The second interpretation 
of R/W is as a negative write 
pulse, WR, MEMW, and I/OW 
from competitor 
type pro- 
cessors. The MOTEL circuit in lb.!s mode gives R/W pin the 
same meaning as the write 
(WI 
pulse on many generic 


RAMs. 


CE - 
CHIP ENABLE, INPUT 


The chip-enable (CEI signal must be asserted 1I0wi for a 


bus cycle in which the MC146818IS to be accessed. CE ISnot 
latched and must be stable during DS and AS (Motorola 
case of MOTELI and during AD 
and WR (in the other 
MOTEL casel. Bus cycles which take place without asserting 
CE cause no actions to take place within 
fhe MC146818. 


When CE is high, the multiplexed bus output is In a high- 
Impedance state. 


When a is high, all address, data, DS, and R/W inputs 


from the processor are disconnected within the MCl46818. 
This permits the MCl46818 to be isolated from a powered- 
down 
processor. When 
CE is held high, 
an unpowered 
device cannot receive power through the input pins from the 
real-time clock power source. Battery power consumption 
can thus be reduced by using a pullup resistor or active 
clamp on CEwhen the main power is off. When CE is not us- 
ed, it should be grounded. 


IRa - 
INTERRUPT REOUEST, OUTPUT 


The IRO pin is an active low output of the MCI46818 that 
may be used as an interrupt input to a processor. The IRO 
output remains low as long as the status bit causing the in- 
terrupt is present and the corresponding interrupt-enable bit 
is set. To clear the IRO pin, the processor program normally 
reads Register C. The RESET pin also clears pending Inter- 
rupts. 


When no interrupt conditions are present, the IRO level is 
in the high-impedance state. Multiple interrupting 
devices 
may thus be connected to an IRO bus with one pullup at the 


processor. 


RESET - 
RESET, INPUT 


The RESET pin does not affect the clock, calendar, or 
RAM functions. On powerup, the RESET pin must be held 
low for the specified time, tRLH, in order to allow the power 
supply to stabilize. Figure 13 shows a typical representation 
of the RES§T pin circuit. 


When RE ET is low the following occurs: 
a) Periodic Interrupt Enable (PIEI bit is cleared to zero, 
bl 
Alarm Interrupt Enable (AIEl bit is cleared to zero, 
cl 
Update ended Interrupt Enable (UIEI bit is cleared to 


zero, 


dl 
Update ended Interrupt Flag IUFI bit is cleared to zero, 


el 
Interrupt Request status Flag IIRQFI bit is cleared to 


zero, 


f) 
Periodic Interrupt Flag (PFI bit is cleared to zero, 
gl The part is not accessible. 


System 


VDD 


System 


VDD 


I O.OO5"F 
VSS 


FIGURE 
14 - 
TYPICAL 
POWERUP 
DELAY 
CIRCUIT 


FOR POWER 
SENSE 


g) 
Alarm Interrupt Flag (AF) bit is cleared to zero, 
h) 
IRQ pin is in high-impedance state, and 
i) 
Square Wave output Enable (SQWE) bit is cleared to 


zero. 


PS - 
POWER SENSE, INPUT 
The power-sense pin is used in the control of the valid 
RAM and time (VRT) bit in Register D. When the PS pin is 
low the VRT bit is cleared to zero. 
When using the VRT feature during powerup, the PS pin 


must be externally held low for the specified tPLH time. As 
power is applied, the VRT bit remains low indicating that the 
contents of the RAM, time registers, and calendar are not 
guaranteed. PS must go high after powerup to allow the 
VRT bit to be set by a read of register D. 


In most systems, the MCI46818 must continue to keep 


time when system power is removed. In such systems, a 
conversion from system power to an alternate power supply, 
usually a battery, must be made. During the transition from 
system to battery power, the designer of a battery backed-up 
RTC system must protect data integrity, 
minimize power 


consumption, and ensure hardware reliability. 
The chip enable (CE) pin controls all bus inputs (R/W, OS, 
AS, ADo-AD7!. CE, when negated, disallows any unintend- 
ed modification of the RTC data by the bus. CE also reduces 
power consumption 
by reducing the number of transitions 
seen internally. 
Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SQW) pin. 
During and after the power source conversion, the VIN 


maximum specification must never be exceeded. Failure to 
meet the VIN maximum specification 
can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 


Figure 15 shows the address map of the MCl46818. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are 
directly readable and writable by the processor program ex- 
cept for the following: 
1) Registers C and 0 are read only, 2) 
bit 7 of Register A is read only, and 3) the high-order bit of 
the seconds byte is read only. The contents of four control 
and status registers (A, 
B, C, and 01 are described in 
REGISTERS. 


TIME, CALENDAR, AND ALARM LOCATIONS 


The processor program obtains time and calendar infor- 
mation by reading the appropriate locations. The program 
may initialize the time, calendar, and alarm by writing 
to 
these RAM locations. The contents of the 10time, calendar, 
and alarm bytes may be either binary or binary-coded deci- 
mal (BCD!. 


• 


• 


Before 
initializing 
the internal 
registers, 
the SET bit in 


Register B should be set to a "1" 
to prevent time/calendar 
updates from occurring. 
The program initializes the 10 loca- 


tions in the selected format 
(binary or BCD), then indicates 
the format 
in the data mode 10M) bit of Register B. All 10 


time, 
calendar, 
and alarm bytes must use the same data 


mode, either binary or BCD. The SET bit may now be cleared 
to allow updates. Once initialized the real-time clock makes 
all updates in the selected data mode. The data mode cannot 
be changed without 
reinitializing 
the 10 data bytes. 


Table 3 shows the binary and BCD formats of the 10 time, 


calendar, 
and alarm locations. 
The 24/12 bit in Register B 


establishes whether 
the hour locations 
represent 1-to-12 or 


0-to-23. The 24/12 bit cannot be changed without 
reinitializ- 


ing the hour locations. When the 12-hour format is selected 
the high-order bit of the hours byte represents PM when it is 
a "1". 
The time, calendar, 
and alarm bytes are not always ac- 
cessable by the processor program. Once-per-second 
the 10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition. 
If any of the 10 
bytes are read at this time, the data outputs 
are undefined. 


The update lockout time is 248 p's at the 4.194304 MHz and 
1.048567 MHz time bases and 1948 p's for the 32.768 kHz 
time base. The Update Cycle section shows how to accom- 
modate the update cycle in the processor program. 


0 
00 


14 
Bytes 


13 
00 


14 
OE 


50 
Bytes 
User 
RAM 


0 
Seconds 
00 


1 
Seconds 
Alarm 
01 


2 
Minutes 
02 


3 
Minutes Alarm 
03 


4 
Hours 
04 


5 
Hours Alarm 
05 
> 


6 
Day of Week 
06 


7 
Date of Month 
07 


8 
Month 
08 


9 
Year 
09 


10 
Register 
A 
OA 


11 
Register 
B 
OB 


12 
Register 
C 
OC 


13 
Register 0 
00 


Bmary 
or BCD 
Contents 


Address 
Decimal 
Range 
Examnle- 


Location 
Function 
Range 
Binary Data Mode 
BCD 
Data 
Mode 
Binary 
BCD 
Data 
Mode 
Data 
Mode 


0 
Seconds 
0-59 
SOO-S3B 
SOO-S59 
15 
21 


1 
Seconds 
Alarm 
0-59 
SOO-S3B 
SOO-S59 
15 
21 


2 
Minutes 
0-59 
SOO-S3B 
SOO-S59 
3A 
58 


3 
Minutes Alarm 
0-59 
SOO-S3B 
SOO-S59 
3A 
58 


Hours 
1-12 
SOl-S0C 
lAM 
I and 
SOl-S12 
IAMI 
and 
05 
05 
112 Hour 
Model 
S81-S8C 
IPMI 
S81-$92 
IPMI 


4 
Hours 


124 Hour 
Model 
0-23 
SOO-S17 
SOO-S23 
05 
05 


Hours Alarm 
1-12 
SOl-S0C 
IAMI 
and 
SOI-S12 
IAMI 
and 
05 
05 


5 
112 Hour 
Model 
S81-S8C 
(PMI 
S81-S92 
(PMI 


Hours Alarm 
0-23 
SOO-S17 
SOO-23 
05 
05 
124 Hour 
Model 


6 
Day of the Week 
1-7 
SOl-S07 
SOl-S07 
05 
05 
Sunday= 
1 


7 
Date of the Month 
1-31 
SOl-S1F 
SOI-S31 
OF 
15 


8 
Month 
1-12 
SOl-S0C 
SOI-S12 
02 
02 


9 
Year 
0-99 
SOO-S63 
SOO-S99 
4F 
79 


The three alarm bytes may be used in two ways. 
First, 
when the program 
inserts an alarm time in the appropriate 


hours, 
minutes, 
and seconds 
alarm 
locations, 
the alarm 


interrrupt 
is initiated 
at the specified 
time each day if the 
alarm enable bit is high. 
The second usage is to insert a 


"don't 
care" state in one or more of three alarm bytes. The 
"don't 
care" code is any hexadecimal 
byte from CO to FF. 
That is, the two most-significant 
bits of each byte, when set 
to "1", 
create a "don't 
care" situation. 
An alarm interrupt 
each hour is created with a "don't 
care" code in the hours 
alarm location. 
Similarly, an alarm is generated every minute 
with 
"don't 
care" 
codes in the hours and minutes 
alarm 
bytes. The "don't 
care" codes in all three alarm bytes create 
an interrupt 
every second. 


STATIC 
CMOS RAM 


The 50 general 
purpose 
RAM 
bytes are not 
dedicated 
within 
the MC146818. They can be used by the processor 
program, 
and are fully available dUring the update cycle. 


When 
time and calendar 
Information 
must 
use battery 


back-up, very frequently 
there ISother non-volatile 
data that 


must be retained when main power ISremoved 
The 50 user 
RAM 
bytes serve the need for low-power 
CMOS battery- 


backed storage, 
and extend the RAM available to the pro- 


gram. 
When 
further 
CMOS 
RAM 
is 
needed, 
additional 


MCl46818s 
may be included in the system. The time/calen- 
dar functions 
may be disabled 
by holding 
the 
DVO-DV2 
dividers, in Register A, in the reset state by setting the SET 
bit in Register B or by removing 
the oscillator. 
Holding the 
dividers 
in reset prevents 
interrupts 
or SQW output 
from 
operating while setting the SET bit allows these functions 
to 
occur. With the dividers clear, the available user RAM is ex- 
tended to 59 bytes. The high-order 
bit of the seconds byte, 
bit 7 of Register A, and all bits of Registers C and D cannot 
effectively 
be used as general purpose RAM. 


INTERRUPTS 


The RTC plus RAM includes three separate fully automatic 


sources of Interrupts 
to the processor. 
The alarm Interrupt 


may be programmed 
to occur at rates from once-per-second 
to one-a-day. 
The periodic 
interrupt 
may be selected 
for 
rates from 
half-a-second 
to 30.517 /,s. The update-ended 


interrupt 
may be used to Indicate to the program that an up- 


date cycle is completed. 
Each of these Independent Interrupt 


conditions 
are described in greater detail In other sections. 


The processor program selects which interrupts, 
if any, It 
wishes to receive. Three bits in Register B enable the three 
interrupts. 
Writing 
a "1" 
to a interrupt-enable 
bit permits 


that interrupt 
to be initiated when the event occurs. A "0" 
in 
the interrupt-enable 
bit prohibits 
the IRQ pin from 
being 
asserted due to the interrupt 
cause. 


If 
an interrupt 
flag 
is already 
set when 
the 
interrupt 
becomes 
enabled, 
the 
IRQ pin is immediately 
activated, 
though 
the interrupt 
initiating 
the event may have occurred 
much 
earlier. 
Thus, 
there 
are cases where 
the 
program 
should 
clear 
such 
earlier 
initiated 
interrupts 
before 
first 
enabling new interrupts. 


When an interrupt event occurs a flag bit is set to a "1" 
in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding 
enable bits in Register B. The flag bit 


may be used with 
or without 
enabling 
the corresponding 
enable bits. 


In the 
software 
scanned 
case, 
the 
program 
does 
not 
enable the interrupt. 
The "interrupt" 
flag bit becomes 
a 


status bit, which the software interrogates, 
when it wishes. 


When the software detects that the flag is set, it is an indica- 
tion to software that the "interrupt" 
event occurred since the 


bit was last read. 


However, there is one precaution. 
The flag bits in Register 
C are cleared Irecord of the interrupt 
event is erased) when 


Register C is read. Double latching is included with Register 
C so the bits which 
are set are stable throughout 
the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts 
Ion any bits) are held until after 


the read cycle. One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
all utilized flag bits every time Register C is read to insure 
that no interrupts are lost. 
The second flag bit usage method 
is with 
fully enabled 


interrupts. 
When 
an interrupt-flag 
bit is set and the cor- 
responding 
interrupt-enable 
bit is also set, the IRQ ·pin is 
asserted low. IRQ is asserted as long as at least one of the 
three interrupt 
sources has its flag aod enable bits both set. 


The IRQF bit in Register C is a "1" 
whenever the IRQ pin is 
being driven low. 


The 
processor 
program 
can 
determine 
that 
the 
RTC 


initiated the interrupt 
by reading Register C. A "1" 
in bit 7 
II RQF bit) indicates that one or more interrupts 
have been 
initiated by the part. The act of reading Register C clears all 
the then-active 
flag bits, plus the IRQF bit. When the pro- 
gram finds IRQF set, it should look at each of the individual 
flag bits in the same byte which 
have the corresponding 
interrupt-mask 
bits set and service each interrupt 
which 
is 
set. Again, more than one interrupt-flag 
bit may be set. 


DIVIDER STAGES 


The MCl46818 
has 22 binary-divider 
stages following 
the 
time base as shown in Figure 1. The output of the dividers is 
a 1 Hz signal to the update-cycle 
logic. The dividers are con- 
troller by three divider bus IDV2, DV1, and DVOI in Register 
A. 


DIVIDER CONTROL 
The divider-control 
bits have three uses, as shown in Table 
4. 
Three 
usable 
operating 
time 
bases may 
be selected 
14.194304 MHz, 1.048576 MHz, or 32.768 kHz!. The divider 
chain may be held reset, which 
allows precision setting of 
the time. 
When 
the divider 
is changed 
from 
reset to an 


operating time base, the first update cycle is one-half second 
later. 
The divider-control 
bits 
are also 
used to 
facilitate 


testing the MC146818. 


• 


• 


Time-Base 
Divider Bits 
Operation 
Divider 
Bypass First 


Frequency 
Register A 
Mode 
Reset 
N·Divider 
Bits 


OV2 
OV1 
ova 


4 194304MHz 
0 
0 
0 
Yes 
- 
N=O 


1048576MHz 
0 
0 
1 
Yes 
- 
N~2 


32.768kHz 
0 
1 
0 
Yes 
- 
N~7 


Any 
1 
1 
0 
No 
Yes 
- 


Any 
1 
1 
1 
No 
Yes 
- 


satJARE-WAVE 
OUTPUT SELECTION 


Fifteen 
of the 22 divider 
taps are made available 
to a 
1-of-15 selector as shown in Figure 1 The first purpose of 
selecting a divider tap is to generate a square-wave 
output 
signal at the SOW 
pin. The RSO-RS3 bits in Register A 
establish the square-wave frequency as listed in Table 5. The 
SOW 
frequency 
selection 
shares the 1-of-15 selector with 
periodic interrupts. 


Once the frequency is selected, the output of the SOW pin 
may be turned on and off under program control 
with 
the 
square-wave enable ISOWEJ bit in Register B. Altering 
the 
divider, 
square-wave 
output 
selection 
bits, 
or the SOWE 
output-enable 
bit may generate an asymmetrical 
waveform 
at the time of execution. 
The square-wave output 
pin has a 
number of potential uses. For example, it can serve as a fre- 
quency standard for external use, a frequency synthesizer, or 
could be used to generate one or more audiO tones under 
program control. 


PERIODIC INTERRUPT SELECTION 


The periodic interrupt 
allows the IRO pin to be triggered 
from 
once 
every 500 ms to 
once 
every 30.517 /,s. 
The 
periodic interrupt 
is separate from the alarm interrupt which 
may be output 
from once-per-second 
to once-per-day. 


Table 5 shows that the periodic interrupt 
rate IS selected 
with the same Register A bits which select the square-wave 
frequency. 
Changing one also changes the other. 
But each 
function 
may be separately enabled so that a program could 
switch between the two features or use both. The SOW pin 
is enabled 
by the SOWE bit in Register 
B. Similarly 
the 
periodic interrupt 
is enabled by the PIE bit in Register B. 


Periodic 
interrupt 
is usable 
by practically 
all real-time 
systems. It can be used to scan for all forms of inputs from 
contact closures to serial receive bits or bytes 
It can be used 
in multiplexing 
displays or with software 
counters 
to mea- 


sure inputs, 
create 
output 
intervals, 
or await 
the next 
needed 
software 
function. 


4.194304or 1.048676MHz 
32.768kHz 


Select Bits 
Time Base 
Time Base 


Register A 
Periodic 
Periodic 


RS3 
RS2 
RS1 
RSa 


Interrupt 
Rate 
saw 
Output 
Interrupt 
Rate 
saw 
Output 
tpi 
Frequency 
tpi 
Frequency 
0 
0 
0 
0 
None 
None 
None 
None 
0 
0 
0 
1 
30.517~s 
32768 kHz 
390625 ms 
256 Hz 
0 
0 
1 
0 
61035 ~s 
16.384kHz 
7.8125ms 
128Hz 
0 
0 
1 
1 
122.070 
uS 
8.192 kHz 
122.070uS 
8 192kHz 
0 
1 
0 
0 
244.141~s 
4.096 kHz 
244.141~s 
4.096 kHz 
0 
1 
0 
1 
468.281~s 
2.048 kHz 
468.281~s 
2048 kHz 
0 
1 
1 
a 
976.562~s 
1.024kHz 
976.562~s 
1.024kHz 
0 
1 
1 
1 
1953125 ms 
512 Hz 
1953125 ms 
512 Hz 


1 
0 
0 
0 
390625 ms 
256 Hz 
3.90625ms 
256 Hz 


1 
0 
0 
1 
78125 ms 
128Hz 
7.8125ms 
128 Hz 


1 
0 
1 
0 
15.625ms 
64 Hz 
15.625ms 
64 Hz 
1 
0 
1 
1 
3125 ms 
32 Hz 
3125 ms 
32 Hz 


1 
1 
0 
0 
62.5 ms 
16 Hz 
62.5 ms 
16 Hz 


1 
1 
0 
1 
125ms 
8 Hz 
125ms 
8 Hz 
1 
1 
1 
0 
250 ms 
4 Hz 
250 ms 
4 Hz 
1 
1 
1 
1 
500 ms 
2 Hz 
500 ms 
2 Hz 


UPDATE 
CYCLE 


The 
MCl46818 
executes 
an 
update 
cycle 
once-per- 


second, assuming one of the proper time bases is in place, 
the DVO-DV2 divider is not clear, and the SET bit in Register 
B is clear. The SET bit in the "1" 
state permits the program 
to initialize the time and calendar bytes by stopping an exist- 
ing update and preventing 
a new one from occurring. 


The primary function 
of the update cycle IS to increment 
the seconds byte, check for overflow, 
increment the minutes 


byte when appropriate 
and so forth through 
to the year of 
the century 
byte. 
The update 
cycle 
also compares 
each 


alarm byte with 
the corresponding 
time byte and issues an 


alarm if a match or if a "don't 
care" 
code (l1XXXXXXI 
is 


present in all three positions. 


With a 4.194304 MHz or 1.048576 MHz time base the up- 


date cycle takes 248 Ils while a 32.768 kHz time base update 
cycle takes 1984Ils. During the update cycle, the time, calen- 
dar, and alarm bytes are not accessable by the processor 
program. The MC146818 protects the program from reading 
transitional 
data. This protection 
IS provided 
by switching 


the time, calendar, 
and alarm portion 
of the RAM off the 


microprocessor 
bus during 
the entire update cycle. 
If the 


processor 
reads these RAM locations 
before the update is 
complete 
the oUlput will be undefined. 
The update in pro- 


gress IUIPI status bit ISset dUring the Interval. 


A program which randomly accesses the time and date in- 


formation 
finds data unavailable statistically 
once every 4032 


attempts. 
Three methods of accommodating 
nonavailability 


during update are usable by the program. 
In discussing the 


three methods It is assumed that at random points user pro- 
grams are able to call a subroutine 
to obtain the time of day. 


The first method 
of avoiding 
the update cycle uses the 


update-ended 
interrupt. 
If enabled, an interrupt occurs after 


every update 
cycle which 
Indicates 
that over 999 ms are 


available to read valid time and date information. 
During thiS 


time a display could be updated or the information 
could be 
transfered to continuously 
available RAM. Before leaving the 
interrupt service routine, the IROF bit in Register C should be 
cleared. 


The second method uses the update-in-progress 
bit IUIPI 


in Register A to determine if the update cycle ISin progress 
or not. The UIP bit will pulse once-per-second. 
Statistically, 


the UIP bit Will indicate 
that time and date information 
IS 


unavailable once every 2032 attempts. 
After the UIP bit goes 


high, the update cycle begins 244 ~s later. Therefore, if a low 
is read on the UIP bit, the user has at least 244 ~s before the 
time/calendar 
data will be changed. 
If a "1" 
is read in the 
UIP bit, the time/calendar 
data may not be valid. The user 
should avoid interrupt 
service routines that would cause the 


time 
needed 
to read valid 
time/calendar 
data to exceed 
244 Ils. 


The third method uses a periodic interrupt 
to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
high between 
the setting 
of the PF bit in Register C (see 
Figure 161. Periodic interrupts 
that occur at a rate of greater 


than tBUC + tuc 
allow valid time and date information 
to be 
read at each occurrence of the periodic interrupt. 
The reads 
should be completed 
within 
(Tpi + 21+ tBUC to ensure that 
data is not read during the update cycle. 


To properly setup the internal counters 
for daylight 
sav- 


ings time operation, 
the user must set the time at least two 
seconds before the rollover will occur. 
Likewise, 
the time 


must be set at least two seconds before the end of the 29th 
or 30th day of the month. 


REGISTERS 


The MC146818 has four registers which are accessible to 
the processor program. 
The four registers are also fully ac- 
cessible during the update cycle. 


Read/Write 


Register 


except UIP 


UIP - 
The update in progress IUIPI bit is a status flag that 


may be monitored 
by the program. 
When UIP is a "1" 
the 


update cycle is in progress or will soon begin. When UIP is a 
"0" 
the update cycle is not in progress and will not be for at 
least 244 ~s Ifor all time basesl. This is detailed in Table 6. 
The time, calendar, 
and alarm information 
in RAM is fully 


available to the program when the UIP bit is zero - 
it is not 


in transition. 
The UIP bit is a read-only 
bit, and is not af- 


fected by Reset. Writing 
the SET bit in Register B to a "1" 


inhibit any update cycle and then clear the UIP status bit. 


Minimum 
Time 


Time Base 
Update Cycle Time 
Before Update 
UIP Bit 
IOSCli 
Ituci 
Cycle ItBucl 


1 
4'194304 MHz 
248~s 
- 


1 
1.048576MHz 
248~s 
- 


1 
32.768kHz 
1984~s 
- 


0 
4.194304MHz 
- 
244~s 


0 
1.048576MHz 
- 
244~s 
0 
32.768kHz 
- 
244~s 


~~~::"~ 
--------------------lB-u-c-l-r:c 
r~ 
... 
-_-_-t~u~C~~~~~--- 
~_ 


Register C 
. 
_ 


,,"-~lPI+2 
--J 


~ 


~ 
lPI 
---~~~ 
f..- 
tPI+2 


PF bit In 
Register C 
~ 
_ 
-j 


nmm 
_ 


tPI = Penudic Interrupt Time Interval (500 ms, 250 ms. 125 ms, 62.5 ms, etc. per Table5) 
tuc = Update Cycle Time 1248~s or 1984~sl 
tBUC= Delay Time Before Update Cycle 1244~sl 


•• 


• 


gram to select various conditions 
of the 22-stage divider 
chain. The divider selection bits identify which of the three 
time-base frequencies IS in use. Table 4 shows that time 
bases of 4.194304 MHz, 1.048576MHz, and 32.768 kHz may 
be used. The divider selection bits are also used to reset the 
divider chain. When the time/ calendar ISfirst mltlallZed, the 
program may start the divider at the precise time stored In 
the RAM. When the diVider reset ISremoved the first update 
cycle begins one-half second later. These three read/write 
bits are not affected by RESET. 


RS3, RS2, RS1, RSO - 
The four rate selection bits select 
one of 15taps on the 22-stage divider, or disable the divider 
output. The tap selected may be used to generate an output 
square wave ISOW pinI and/or a periodic mterrupt. The pro- 
gram may do one of the following: 
11enable the mterrupt 
with the PIE bit, 21 enable the SOW output 
pm with the 
SOWE bit, 31enable both at the same time at the same rate, 
or 41enable neither. Table 5 lists the periodic Interrupt rates 
and the square-wave frequencies that may be chosen with 
the RS bits. These four bits are read/write bl\s which are not 
affected by RESET 


SET - 
When the SET bit ISa "0", 
the update cycle func- 


tions normally by advancing the counts once-per-second. 
When the SET bit is written to a "1", 
any update cycle in 


progress ISaborted and the program may InitialiZe the time 
and calendar bytes Without an update occurrmg In the midst 
of mltlalizing. SET is a read/write bl\ which is not modified 
by RESET or Internal functions of the MC146818. 


PIE 
- 
The 
periodic 
interrupt 
enable (PIEI bit 
is a 


read/write 
bit which allows the periodic-interrupt 
flag (PFI 


bit in Register C to cause the fRO pin to be driven low. A pro- 
gram writes a "'" 
to the PIE bit in order to receive periodic 


interrupts at the rate specified by the RS3, RS2, RS1, and 
RSObits in Register A. A zero in PIE blocks fRO from being 
initiated by a periodic interrupt, but the periodic flag (PFI bit 
is still set at the periodic rate. PIE is not modified by any in- 
ternal 
MC146818 functions, 
but is cleared to "0" 
by a 


RESET. 


AlE - 
The alarm interrupt enable IAIEI bit is a read/write 


bit which when set to a "1" permits the alarm flag (AFI bit in 
Register C to assert fRO. An alarm interrupt occurs for each 
second that the three time bytes equal the three alarm bytes 
lincluding a "don't 
care" alarm code of binary l1XXXXXXI. 


When the AlE bit is a "0", the AF bit does not initiate an IRO 
signal. The FfESEi pin clears AlE to "0". 
The internal func- 


tions do not affect the AlE bit. 


UIE - 
The UIE (update-ended interrupt enablel bit is a 


read/write bit which enables the update-end flag IUFI bit in 
Register C to assert fRO. The RESEi pin going low or the 
SET bit going high clears the UIE bit. 


SQWE - 
When the square-wave enable ISOWEI bit is set 


to a "'" 
by the program, a square-wave signal at the fre- 


pears on the SOW pin. When the SOWE bit is set to a zero 
the SOW pin is held low. The state of SOWE is cleared by 
the RESET pin. SOWE is a read/write bit. 


DM - 
The data mode IOMI bit mdicates whether time 
and calendar updates are to use bmary or BCD formats. The 
OM bit ISwritten by the processor program and may be read 
by the program, but is not modified by any Internal functions 
or RESET. A "'" 
in OM signifies bmary data, while a "0" In 
OM specifies bmary-coded-declmal IBCOI data. 


24/12 - 
The 24/12 control bl\ establishes the format of 
the hours bytes as either the 24-hour mode la "1"1 or the 
'2-hour mode la "0"1. This is a read/write 
bit, which is af- 
fected only by software. 


OSE 
- 
The daylight 
savings enable IOSEI 
bit 
is a 
read/Write 
bit which 
allows the program to enable two 
special updates (when OSE is a "'''1 
On the last Sunday in 


April the time increments from ':59:59 AM to 3:00:00 AM. 
On the last Sunday In October when the time first reaches 
1:59.59 AM It changes to , :0000 AM 
These speCialupdates 
do not occur when the OSE bit ISa "0" 
OSE ISnot changed 


by any 
Internal 
operations 
or reset. 


IROF - 
The Interrupt request flag IIROFI ISset to a"'" 


when 
one 
or more 
of the 
followmg 
are true: 


PF= PIE= "'" 
AF=AIE="l" 


UF=UIE="'" 
I.e., IROF= PF. PIE+ AF·AIE + UF·UIE 


Any time the IROF bit ISa "''', 
the IRO pm ISdriven low. 


All flag bits are cleared after Register C ISread by the pro- 
gram or when the RESET pm IS low. 


PF - 
The periodic interrupt flag (PFI is a read-only bit 
which is set to a "'" 
when a particular edge ISdetected on 
the selected tap of the divider chain. The RS3 to RSObits 
establish the periodic rate. PF is set to a "'" 
independent of 
the state of the PIEbit. PF being a "'" 
initiates an IRO signal 
and sets the IROF bit when PIE is also a "1". 
The PF bit is 
cleared by a RESET or a software read of Register C. 


AF - 
A "1" in the AF lalarm interrupt flagl bit indicates 
that the current time has matched the alarm time. A "1" in 
the AF causes the IRO pin to go low, and a "'" 
to appear in 
the IROF bit, when the AlE bit also is a "1." 
A RESET or a 


read of Register C clears AF. 


UF - 
The update-ended interrupt flag (UFI bit is set after 
each update cycle. When the UIE bit is a "''', 
the "'" 
in UF 


causes the IROF bit to be a "''', 
asserting IRO. UF is cleared 


by a Register C read or a RESET. 


b3 TO bO- 
The unused bits of Status Register 1are read 
as "O's". They can not be written. 


ReadOnly 


Register 


VRT 
- 
The valid RAM and time (VRTl bit indicates the 
condition 
of the contents 
of the RAM, provided the power 
sense (PSI pin is satisfactorily 
connected. 
A "a" 
appears in 
the VRT bit when the power-sense pin is low. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are valid. The 
VRT is a read only bit which 
is not modified 
by the RESET 
pin. The VRT bit can only be set by reading Register D. 


b6 TO bO - 
The remaining bits of Register 0 are unused. 
They cannot be written, 
but are always read as "a's." 


TYPICAL INTERFACING 
The MCl46818 
is best suited for use with microprocessors 
which 
generate 
an 
address-then-data 
multiplexed 
bus. 
Figures 17 and 18 show typical interfaces to bus-compatible 


processors. 
These 
interfaces 
assume 
that 
the 
address 
decoding can be done quickly. 
However, 
if standard metal- 
gate 
CMOS 
gates are used the CE setup 
time 
may be 
violated. 
Figure 19 illustrates an alternative 
method of chip 


selection which will accommodate 
such slower decoding. 
The MCl46818 can be interfaced to single-chip microcom- 
puters IMCUI 
by using eleven port lines as shown in Figure 
20. Non-multiplexed 
bus microprocessors 
can be interfaced 
with additional 
support. 


There 
is one 
method 
of 
using 
the 
multiplexed 
bus 
MCl46818 
with non-multiplexed 
bus processors. The inter- 
face 
uses available 
bus control 
signals 
to 
multiplex 
the 
address and data bus together. 
An example using either the Motorola 
MC6800, MC6802, 
MC6808, or MC6809 microprocessor 
is shown in Figure 21. 
Figure 22 illustrates the subroutines which may be used for 


data transfers in a non-multiplexed 
system. The subroutines 
should be entered with the registers containing 
the following 


data: 
Accumulator 
A: The address of the RTC to be accessed. 
Accumulator 
B: Write: 
The data to be written. 


Read: The data read from the RTC. 


The RTC is mapped to two consecutive memory locations - 
RTC and RTC + 1 as shown in Figure 21. 


Address/Data Multiplexed 


Address Strobe 


Data Strobe lEI 


Read/Write lA/WI 


Interrupt RequestIIRol 


• High-Speed 
Silicon- 
Gate CMOS or TTL 
Address Decoding 


Other 


Peripherals 
and 
Memory 


IT 
IRo R/W 
OS AS ADo-AD7 


RESET 


• 


• 


8 
Addressl 
Data 


Address 
Latch 
Enable (ALE) 


Read IRI 
Other 
Peripherals 
•• 
and Memory 


IT 
IRQ 
R W 
DS 
AS 
ADO-AD7 


RESET 


Interrupt 
Request tlAGI 


Read/Wrote 
(R/WI 


Address 
Strobe 
IASI 


Data Strobe 
IDS) 


I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
+1 
t- 
_ 


This Illustrates the use of CMOS 
gating for address decoding 


4 194304 MHz ITypJ 
o 


MC3870 
MC6805 
MC146805 
S2000 
8021 


• 


I 
I 
I 
L 
_ 


I 
I 


VSS 
I 
I 
I 
I 
I 
I 
I 
_______________ 
...J 


DS 


AO 


MCI4681a 


MC6800, 
MC6802, 
A/W 
AS 
MC6808, 
or 


MC6809 


A/VV 


DO-D7 
ADO~AD7 


VSS 
CE 


• 


STA 
LDAB 
RTS 


STA 
STAB 
RTS 


Those devices made with date code 3N4GXXXX have the 
following 
exceptions when used in the Motorola 
mode of 
MOTEL. 


1 
VOO= 3 to 5.25 V for operation 


2. OS VIL =0.6 V Max. 


The falling edge of chip select should occur during the ac- 
tive high pulse of address strobe. only on those units with 
date code GC6XXXX. 


® MOTOROLA 


The MCl46818A 
Real-Time Clock plus RAM is a peripheral device 
which 
includes 
the 
unique 
MOTEL 
concept 
for 
use with 
various 
microprocessors, 
microcomputers, 
and larger 
computers. 
This 
part 
combines 
three 
unique 
features: 
a complete 
time-of-day 
clock with 
alarm and one hundred year calendar, a programmable 
periodic inter- 
rupt 
and square-wave 
generator, 
and 50 bytes of low-power 
static 
RAM. The MCl4681BA 
uses high-speed CMOS technology 
to interface 
with 
1 M Hz processor buses, while consuming 
very little power. 


The Real-Time 
Clock plus RAM 
has two 
distinct 
uses. First, it is 
designed as a battery powered CMOS part (in an otherwise NMOS/TTL 
system) including all the common 
battery backed-up functions 
such as 
RAM, time, and calendar. Secondly, the MC14681BA may be used with 
a CMOS 
microprocessor 
to relieve the software 
of the timekeeping 
workload 
and to extend the available RAM of an MPU such as the 
MC146805E2. 


• 
Low-Power, 
High-Speed CMOS 


• 
Internal Time Base and Oscillator 


• 
Counts Seconds, Minutes, 
and Hours of the Day 


• 
Counts Days of the Week, Date, Month, 
and Year 


• 
3 V to 6 V Operation 


• 
Time Base Input Options: 4.194304 MHz, 1.048576 
MHz, or 32.768 
kHz 


• 
Time Base Oscillator for Parallel Resonant Crystals 


• 
40 to 200 I'W Typical Operating Power at Low Frequency Time Base 


• 
4.0 to 20 mW Typical Operating Power at High Frequency Time Base 


• 
Binary or BCD Representation 
of Time, Calendar, and Alarm 


• 
12- or 24-Hour Clock with AM and PM in 12-Hour Mode 


• 
Daylight 
Savings Time Option 


• 
Automatic 
End of Month 
Recognition 


• 
Automatic 
Leap Year Compensation 


• 
Microprocessor 
Bus Compatible 


• 
Selectable Between Motorola 
and Competitor 
Bus Timing 


• 
Multiplexed 
Bus for Pin Efficiency 


• 
Interfaced with Software 
as 64 RAM Locations 


• 
14 Bytes of Clock and Control Registers 


• 
50 Bytes of General Purpose RAM 


• 
Status Bit indicates Data Integrity 


• 
Bus Compatible 
Interrupt 
Signals (IRQ) 


• 
Three Interrupts 
are Separately Software 
Maskable and Testable 
Time-of-Day 
Alarm, Once-per-Second 
to Once-per-Day 
Periodic Rates from 30.5 I'S to 500 ms 
End-of-Clock 
Update Cycle 


• 
Programmable 
Square-Wave 
Output 
Signal 


• 
Clock Output 
May Be Used as Microprocessor 
Clock Input 
At Time Base Frequency 
+ 1 or + 4 


• 
24-Pin Dual-In-Line 
Package 


• 
Quad Pack Also Available 


(HIGH-PERFORMANCE 


SILICON-GATE 
COMPLEMENTARY 
MOS) 


REAL-TIME 
CLOCK 
PLUS RAM 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 716 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 709 


S SUFFIX 
CERDIP PACKAGE 
CASE 623 


PIN ASSIGNMENT 


MOT 
VDD 


OSC1 
SOW 


OSC2 
PS 


ADO 


AD1 
CKFS 


AD2 
IRO 


AD3 
18 
RESET 


AD4 
17 
OS 


AD5 
16 
ST8Y 


AD6 
15 
R/W 


AD7 
14 
AS 


VSS 
13 
CS 


• 


ascI 


OSC2 


Clockl 


Calendar 
Update 


BCol 
Binary 
lrlcrement 


Ratings 
Symbol 
Value 
Unit 


Supply 
Voltage 
Voo 
0.3 to +B.O 
V 


All Input 
Voltages 
Except 
OSC1 
Vin 
VSS-0.5 
to Voo+05 
V 


Current Drain per Pin Excluding 
I 
10 
mA 


Voo 
and VSS 


Operating Temperature 
Range 
TL to TH 
MCl4681BA 
o to 70 


MC14681BAC 
TA 
- 40 to B5 
'c 


Storage Temperature 
Range 
Tstg 
-55 
to +150 
'c 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Plastic 
120 
Cerdip 
8JA 
65 
'C/W 


Ceramic 
50 


CKOUT 


CKFS 


RESET 


PS 


Clock, Alarm, 
Calendar 
RAM 


110 Bytes I 


This device contains circuitry to protect the in- 


puts agaInst 
damage due to high static VOltages 


or electnc fields; however, 
it is advised that nor· 


mal precautions be taken to avoid application of 
any voltage higher than maximum 
rated voltages 
to this high-impedance 
circuit. For proper opera- 


tion it is recommended 
that Vin and Vout 
be con- 
strained 
to 
the 
range 
VSSs(Vin 
or 
Vout) 
s VOD. 
Reliability 
of operation 
is enhanced 
If 
unused 
inputs are tied to an appropriate 
logic 


voltage 
level Ie. g., either 
VSS or Vool. 


mn= 
C, 
I<:c:.= 
e, 
11= 
to 
un ess at 
erwlse note 


Characteristics 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
fose 
32768 
32.768 
kHz 


Output 
Voltage 
VOL 
- 
01 


V 


ILoad< 
10 ~A 
VOH 
VOO-O.l 
- 


100 
- 
Bus Idle 
CKOUT = fose, 
CL = 15 pF; SOW 
Disabled, 
STBY = 0.2 V; CL IOSC21 = 10 pF 


fose= 
32.768 kHz 
1003 
- 
50 
~A 


100 - 
QUiescent 
1004 
- 
50 
~A 
fose= 
DC; OSC1 = DC; 


All Other 
Inputs = VOO - 0.2 V; 


No Clock 


Output 
High Voltage 


II Load = - 0.25 mA, 
All Outputs) 
VOH 
2.7 
- 
V 


Output 
Low Voltage 


"Load 
= 0.25 mA, 
All Outputs) 
VOL 
- 
03 
V 


Input High Voltage 
STBY, 
AOO-A07, 
OS, AS, R/W, 
CS 
VIH 
21 
VOO 
V 


RESET, 
CKFS, 
PS,OSC1 
25 
VOO 


MOT 
VOO 
VOO 


Input Low Voltage 
STBY, 
ADO-A07, 
OS, AS, R/W, 
CS, CKFS, PS, RESET, OSC1 
VIL 
VSS 
0.5 
V 


MOT 
VSS 
VSS 


Input Current 
AS, 
OS, R/W 
lin 
- 
±10 
~A 
MOT, 
OSCI, IT, STBY, 
RESET, 
CKFS, 
PS 
±1 


Three-State 
Leakage 
IRa, 
ADO-A07 
ITSL 
- 
± 10 
~A 


Characteristics 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
fose 
32.768 
4194.304 
kHz 


Output 
Voltage 
Vnl 
- 
0.1 


'Load< 
10 ~A 
VOH 
VOO-O.l 
- 
V 


100 
- 
Bus Idle (External 
Clock) 
CKOUT = lose, 
CL = 15 pF; SOW 
Disabled, 
STBY = 0.2 V; CL (OSC21 = 10 pF 


10se= 4. 194304 MHz 
1001 
- 
3 
mA 


10se= 1.048516 
MHz 
1002 
- 
BOO 
~A 
lose = 32.768 
kHz 
1003 
- 
50 
~A 


IDO - 
Quiescent 
1004 
- 
50 
~A 
10se= DC; OSCl 
= DC; 


All Other 
Inputs=VOO-0.2 
V; 


No Clock 


Output 
High Voltage 
(ILoad= 
-1.6 
mA, 
ADO-A07, 
CKOUTI 
VOH 
4.1 
- 
V 
IILoad= 
-1.0 
mA, 
SOW) 


Output 
Low Voltage 


II Load = 1.6 mA, 
ADO-A07, 
CKOUTI 
VOL 
- 
0.4 
V 
IILoad= 
1.0 mA, 
IRa and SOW) 


Input High Voltage 
:ITBY, CFKS, AOo-A07, 
OS, AS, R/W, 
CS, PS 
VOO-2.0 
VOO 
RESET 
VIH 
VOO-O.B 
VOO 
V 
OSC1 
VOO-1.0 
VOO 


MOT 
Vnn 
Vnn 


Input Low Voltage 
CKFS, 
PS, RESET, 
STBY, 
ADO-A07, 
OS, AS, 
R/W, 
CS, OSC1 
VIL 
VSS 
O.B 
V 


MOT 
VSS 
VSS 


Input Current 
AS, 
OS, R/W 
lin 
- 
± 10 
~A 
MOT, 
OSCI, IT, STBY, 
RESET, 
CKFS, 
PS 
±1 


Three-State 
Leakage 
IRa, AOo-A07 
ITSL 
- 
±10 
~A 


• 


• 


VDD-5.0 
V 


±10% 


VDD=3.0 
V 
1 TILand 


Ident. 
50 pF Load 
130 pF Load 


Number 
Characteristics 
Symbol 
Min 
Max 
Min 
Max 
Unit 


1 
Cycle Time 
teye 
5000 
- 
953 
de 
ns 


2 
Pulse Width. 
DS/E 
Low or RD/WR 
High 
PWEL 
1000 
- 
300 
- 
ns 


3 
Pulse Width. 
DS/E 
High or RD/WR 
Low 
PWEH 
1500 
- 
325 
- 
ns 


4 
Input Rise and Fall Time 
tr. tf 
- 
100 
- 
30 
ns 


S 
R/W 
Hold Time 
tRWH 
10 
- 
10 
- 
ns 


13 
R/W 
Setup 
Time 
Sefore 
DS/E 
tRWS 
200 
- 
80 
- 
ns 


14 
Chip Select 
Setup 
Time 
Before 
DS. WR. 
or RD 
tcs 
200 
- 
25 
- 
ns 


15 
Chip Select 
Hold Time 
tCH 
10 
- 
0 
- 
ns 


1S 
Read Data Hold Time 
tDHR 
10 
1000 
10 
100 
ns 


21 
Write 
Data Hold Time 
tDHW 
100 
0 
ns 


24 
Muxed 
Address 
Valid 
Time 
to AS/ ALE Fall 
tASL 
200 
- 
50 
- 
ns 


25 
Muxed Address Hold Time 
tAHL 
100 
- 
20 
- 
ns 


26 
Delay Time 
DS/E 
to AS/ ALE Rise 
tASD 
500 
- 
50 
- 
ns 


27 
Pulse Width. 
AS/ALE 
High 
PWASH 
600 
- 
135 
- 
ns 


2S 
Delay Time. 
AS/ ALE to DS/E 
Rise 
tASED 
500 
- 
60 
- 
ns 


30 
Peripheral Output 
Data Delay Time from DS/E 
or AD 
tDDR 
1300 
- 
20 
240 
ns 


31 
Peripheral Data Setup Time 
tDSW 
1500 
- 
200 
- 
ns 


32 
STBY 
Setup 
Time 
before 
AS/ ALE Rise 
tSBS 
TBD 
- 
TBD 
- 


33 
STiiY 
Hold Time after AS/ ALE Fall 
tSBH 
TBD 
- 
TBD 
- 


NOTE: 
Designations 
E, ALE. An, 
and iN'ti refer to signals from alternative 
microprocessor signals . 


• Refer to IMPORTANT 
NOTICES 
appearing 
on page 20 of this data sheet. 


FIGURE 2 - 
MC14681SA 
SUS TIMING 


VHIGH 


VLQW 


ADO- 
AD7 
WRITE 


ADO- 
AD? 
READ 


Note: 
VHIGH=VDD-2.0 
V, VLOW=O.S 
V, for VDD=5.0 
V ± 10% for outputs 
only. 
VHIGH=2.0 
V, VLOW=0.5 
V, for VDD=3.0 
V for outputs 
only. 


Note: 
VHIGH=VOO-2.0 
V, VLOW~O.8 
V, for VOO=50 
V ±10% 
for outputs 
only. 


VHIGH=2.0 
V, VLOW~O.5 
V, for VOO=3.0 
V for outputs 
only. 


• 


Description 
Symbol 
Min 
Max 
Unit 
Min 
Max 
Unit 


Oscillator Startup 
tRC 
- 
TBD 
ms 
- 
100 
ms 


Reset Pulse Width 
tRWL 
TBD 
- 
~s 
5 
- 
~s 


Reset Delay Time 
tRLH 
TBD 
- 
~s 
5 
- 
~s 


Power Sense Pulse Width 
tpWL 
TBD 
- 
~s 
5 
- 
~s 


Power Sense Delay Time 
tpLH 
TBD 
- 
~s 
5 
- 
~s 


IRQ Release from 
OS 
tlRDS 
- 
TBD 
~s 
- 
2 
~s 


IRQ Release from 
RESET 
tlRR 
- 
TBD 
~s 
- 
2 
~s 


VRT Bit Delay 
tVRTD 
- 
TBD 
~s 
- 
2 
~s 


ov __ 
~/T------SS""'""------ 


• 


• 


The block diagram in Figure 1, shows the pin connection 
with 
the major internal 
functions 
of the MCl46818A 
Real- 
Time Clock plus RAM. 
The following 
paragraphs 
describe 
the function 
of each pin. 


VDD,VSS 
DC power is provided to the part on these two pins, VDD 


being the more positive 
voltage. 
The minimum 
and maxi- 
mum 
voltages 
are listed 
in the 
Electrical 
Characteristics 
tables. 


MOT-MOTEL 


The MOT pin offers flexibility 
when 
choosing 
bus type. 
When tied to VDD, 
Motorola 
timing 
is used. When tied to 
VSS, competitor 
timing is used. The MOT pin must be hard- 
wired to the VDO or VSS supply and cannot 
be switched 
during operation 
of the MC146818A. 


OSC1, OSC2 - 
TIME BASE, INPUTS 


The time base for the time functions 
may be an external 
signal 
or the crystal 
oscillator. 
External 
square waves 
at 
4.194304 MHz, 
1.048576 
MHz, or 32.768 kHz may be con- 
nected to OSC1 as shown in Figure 9. The internal time-base 
frequency 
to be used is chosen in Register A. 


The on-chip 
oscillator 
is designed for a parallel resonant 
AT cut crystal at 4.194304 MHz, 1.048576 MHz or 32.768 kHz 
frequencies. 
The crystal connections 
are shown in Figure 10 
and the crystal characteristics 
in Figure 11. 


CKOUT - 
CLOCK OUT, OUTPUT 


The CKOUT pin is an output 
at the time-base frequency 
divided 
by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; 
thereby 
saving the cost of a 
second crystal. The frequency of CKOUT depends upon the 
time-base frequency and the state of the CKFS pin as shown 
in Table 2. 


CKFS - 
CLOCK OUT FREQUENCY SELECT, INPUT 


When the CKFS pin is tied to VOO, it causes CKOUT to be 
the same frequency as the time base at the OSC1 pin. When 
CKFS is tied to VSS, 
CKOUT is the OSC1 time-base 
fre- 
quency 
divided 
by 
four. 
Table 
2 summarizes 
the 
effect 
of CKFS. 


TABLE 
2 - 
CLOCK 
OUTPUT 
FREQUENCIES 


Time Base 
Clock Frequency 
Clock Frequency 
IOSC1) 
Select Pin 
Output 
Pin 


Frequency 
(CKFSI 
ICKOUT) 


4.194304 
MHz 
High 
4.194304 
MHz 


4.194304 
MHz 
Low 
1.048576 MHz 


1.048576 
MHz 
High 
1.048576 MHz 


1.048576 MHz 
Low 
262.144 
kHz 


32.768 kHz 
High 
32.768 kHz 


32.768 kHz 
Low 
8.192 kHz 


SQW - 
SQUARE WAVE, 
OUTPUT 


The SOW pin can output 
a signal from one of the 15 taps 
provided by the 22 internal-divider 
stages. The frequency of 
the SOW may be altered by programming 
Register A, as 
shown in Table 5. The SOW signal may be turned on and off 
using the SOWE bit in Register B. 


ADO-AD7 - 
MULTIPLEXED 
BIDIRECTIONAL 
ADDRESS/DATA 
BUS 


Multiplexed 
bus processors 
save pins by presenting 
the 
address during the first portion 
of the bus cycle and using 
the same pins during the second portion for data. Address- 
then-data multiplexing 
does not slow the access time of the 
MCl46818A 
since the bus reversal from address to data is 
occurring 
during the internal RAM access time. 


The address must be valid just prior to the fall of AS/ ALE 
at which time the MCl46818A 
latches the address from ADO 
to AD5. Valid write data must be presented and held stable 
during the latter portion of the OS or W!i pulses. In a read 
cycle, the MCl46818A 
outputs 
eight bits of data during the 
latter portion of the OS or fIT) pulses, then ceases driving the 
bus (returns the output drivers to the high-impedance 
statel 
when OS falls in the Motorola case of MOTEL or RO rises in 
the other case. 


AS - 
MULTIPLEXED 
ADDRESS 
STROBE, INPUT 


A positive going multiplexed 
address strobe pulse serves 
to demultiplex 
the bus. The falling edge of AS or ALE causes 
the address to be latched within 
the MCl46818A. 


OS - 
DATA STROBE OR READ, INPUT 


The OS pin has two interpretations 
via the MOTEL circuit. 


When emanating 
from a Motorola 
type processor, 
OS is a 
positive pulse during the latter portion of the bus cycle, and 
is variously called OS Idata strobel, 
E (enable), and </>2I</>2 
clock!. 
During 
read cycles, 
OS signifies 
the time that the 
RTC is to drive the bidirectional 
bus. In write cycles, the trail- 
ing edge of OS causes the Real-Time Clock plus RAM to 
latch the written 
data. 


The second 
MOTEL interpretation 
of OS is that of fIT), 
MEMR, 
or i7CTIi emanating 
from the competitor 
type pro- 
cessor. In this case, OS identifies the time period when the 
real-time clock plus RAM drives the bus with read data. This 
interpretation 
of OS is also the same as an output-enable 
signal on a typical memory. 


R/IN 
- 
READ/WRITE, 
INPUT 


The MOTEL circuit treats the R/IN pin in one of two ways. 
When 
a Motorola 
type processor 
is connected, 
R/IN 
is a 
level which 
indicates whether 
the current cycle is a read or 
write. 
A read cycle is indicated 
with 
a high level on R/VII 
while OS is high, whereas a write cycle is a low on R/VII dur- 
ing OS. 


The second interpretation 
of R/VII is as a negative write 
pulse, WR, 
MEMW, 
and 17\5W from competitor 
type pro- 


cessors. The MOTEL circuit in this mode gives R/Vii pin the 
same meaning 
as the write 
IVII) pulse on many 
generic 
RAMs. 


CS - 
CHIP SELECT, INPUT 


The chip-select 
(CSI signal must be asserted Ilowl 
for a 
bus cycle in which the MCl46818A 
is to be accessed. CS is 
not latched and must be stable during OS and AS (Motorola 
case of MOTELI and during AD and WR. Bus cycles which 
take place without 
asserting 
CS cause no actions 
to take 
place within the MC146818A. When CS is not used, it should 
be grounded. 
(See Figure 201. 


4194304 
MHz 


or 
1.048576 
MHz 
or 
32768 
kHz 


~ 


VOO 


Optional 


1VOO-1.0 
VI 


II 
• 


4.194304 
MHz. 
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10-22 pF 


R 
- 
- 
300-470 k 


Rf 
10M 
10M 
22 M 


• 


IRQ - 
INTERRUPT REQUEST, OUTPUT 


The IRQ pin is an active low output of the MC146818A that 
may be used as an interrupt input to a processor. The iRQ 
output remains low as long as the status bit causing the in- 
terrupt is present and the corresponding interrupt-enable bit 
is set. To clear the IRQ pin, the processor program normally 
reads Register C. The RESET pin also clears pending inter- 
rupts. 
When no interrupt conditions are present, the IRQ level is 
in the high-impedance state. Multiple interrupting 
devices 
may thus be connected to an IRQ bus with one pullup at the 
processor. 


RESET - 
RESET, INPUT 


The RESET pin does not affect the clock, calendar, or 
RAM functions. On powerup, the RESET pin must be held 
low for the specified time, tRLH, in order to allow the power 
supply to stabilize. Figure 12 shows a typical representation 
of the RESET pin circuit. 


When RESET is low the following occurs: 
al Periodic Interrupt Enable (PIE) bit is cleared to 


zero, 


bl Alarm Interrupt Enable (AIEl bit is cleared to zero, 
cl Alarm Interrupt Enable (AIEl bit is cleared to zero, 
dl Update ended Interrupt Flag (UFI bit is cleared to zero, 
el Interrupt 
Request status Flag (IROFI bit is cleared to 


zero, 
fl 
Periodic Interrupt Flag (PFI bit is cleared to zero, 
gl The part is not accessible. 
hI Alarm Interrupt Flag (AFI bit is cleared to zero, 
iI 
IRQ pin is in high-impedance state, and 
jl 
Square Wave output Enable ISQWE) bit is cleared to 
zero. 


STBY - 
STAND-BY 


The STBY 
pin, when 
active, 
prevents access to 
the 
MC146818A making it ideal for battery back-up applications. 
Stand-by operation incorporates a transparent latch. After 
data strobe IDS) goes low IRiS or WR rises), STBY is 
recognized as a valid signal. 


The STBY signal is totally asynchronous. Its transparent 


latch is opened by the falling edge of DS (rising edge of RiS 
or WRI and clocked by the rising edge of AS (ALE!. There- 
fore, for STBY to be recognized, DS and AS should occur in 
pairs. When STBY goes low before the falling edge of DS 
(rising edge of WR or RDI, the current cycle is completed at 
that edge and the next cycle will not be execut"d. 


PS - 
POWER SENSE, INPUT 


The power-sense pin is used in the control of the valid 


RAM and time IVRTI bit in Register D. When the PS pin is 
low the VRT bit is cleared to zero. 
When using the VRT feature during powerup, the PS pin 


must be externally held low for the specified tPLH time. As 
power is applied, the VRT bit remains low indicating that the 
contents of the RAM, time registers, and calendar are not 
guaranteed. PS must go high after powerup to allow the 
VRT bit to be set by a read of register D. 


System 


VDD 


I 0005~F 
vss 


System 


VDD 


I 


POWER-DOWN CONSIDERATIONS 


In most systems, the MC146818A must continue to keep 
time when system power is removed. In such systems, a 
conversion from system power to an alternate power supply, 
usually a battery, must be made. During the transition from 
system to battery power, the designer of a battery backed-up 
RTC system must protect 
data integrity, 
minimize power 
consumption, 
and ensure hardware reliability. 


The stand-by (STBY) pin controls all bus inputs IR/W, 
DS, AS, ADO-AD7) STBY, when negated, disallows any 
unintended modification of the RTC data by the bus. STBY 
also reduces power consumption by reducing the number of 
transitions seen internally. 


Power consumption 
may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave ISOW) pin. 


During and after the power source conversion, the VIN 
maximum specification must never be exceeded. Failure to 
meet the VIN maximum specification 
can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 


ADDRESS MAP 


Figure 14 shows the address map of the MC14681BA. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are 
directly readable and writable by the processor program ex- 
cept for the following: 
1) Registers C and D are read only, 


21bit 7 of Register A is read only, and 3) the high-order bit of 
the seconds byte is read only. The contents of four control 
and status registers lA, 
B, C, and DI are described in 


REGISTERS. 


TIME, CALENDAR, AND ALARM 
LOCATIONS 


The processor program obtains time and calendar infor- 
mation by reading the appropriate locations. The program 
may initialize the time, calendar, and alarm by writing 
to 
these RAM locations. The contents of the 10time, calendar, 
and alarm 
bytes may 
be either 
binary 
or 
binary-coded 


decimal IBCD) 


Before initializing the internal registers, the SET bit in 


Register B should be set to a "1" 
to prevent time/calendar 
updates from occurring. The program initializes the 10 loca- 
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (OMI bit of Register B. All 
10 time, calendar, and alarm bytes must use the same data 
mode, either binary or BCD. The SET bit may now be cleared 
to allow updates. Once initialized the real-time clock makes 
all updates in the selected data mode. The data mode cannot 
be changed without 
reinitializing the 10 data bytes. 


Table 3 shows the binary and BCD formats of the 10time, 
calendar, and alarm locations. The 24/12 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 
0-to-23. The 24/12 bit cannot be changed without reinitializ- 
ing the hour locations. When the 12-hour format is selected 
the high-order bit of the hours byte represents PM when it is 
a "1" 


The time, 
calendar, 
and alarm bytes are not 
always 


accessible by the processor program. Once per second the 
10 bytes are switched to the update logic to be advanced by 
one second and to check for an alarm condition. If any of the 
10 bytes are read at this time, the data outputs are unde- 
fined. The update lockout time is 248P.sat the 4.194304 MHz 
and 1.048567MHz time bases and 1948P.sfor the 32.768 kHz 
time base. The Update Cycle section shows how to accom- 
modate the update cycle in the processor program. 


The three alarm bytes may be used in two ways. First, 
when the program inserts an alarm time in the appropriate 
hours, minutes, and seconds alarm locations, the alarm in- 
terrupt is initiated at the specified time each day if the alarm 
enable bit is high. The second usage is to insert a "don't 
care" state in one or more of three alarm bytes. The "don't 
care" code is any hexadecimal byte from CO to FF. That is, 
the two most-significant 
bits of each byte, when set to "1", 
create a "don't care" situation. An alarm interrupt each hour 
is created with a "don't 
care" code in the hours alarm loca- 
tion. 
Similarly, 
an alarm is generated every minute with 


"don't 
care" codes in the hours and minutes alarm bytes. 


The "don't 
care" codes in all three alarm bytes create an in- 


terrupt every second. 


0 
00 


14 


Bytes 
13 
00 


14 
OE 


50 
Bytes 
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RAM 


0 
Seconds 
00 


1 
Seconds 
Alarm 
01 


2 
Minutes 
02 


3 
Minutes Alarm 
03 


4 
Hours 
04 


5 
Hours Alarm 
05 
> 


6 
OayafWeek 
06 


7 
Date of Month 
07 


8 
Month 
08 


9 
Year 
09 


10 
Register 
A 
OA 


11 
Register 
B 
08 


12 
Register 
C 
OC 


13 
Register 0 
00 


Binary 
or 8CO 
Contents 


• 
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Address 
Decimal 
Ranae 
Examole' 


location 
Function 
Range 
Binary Data Mode 
BCD Data Mode 
Binary 
BCD 
Data Mode 
Data Mode 


0 
Seconds 
0-59 
$00-$3B 
sOO-$59 
15 
21 


1 
Seconds 
Alarm 
0-59 
$OO-s3B 
sOO-s59 
15 
21 


2 
Minutes 
0-59 
sOO-s3B 
SOO-S59 
3A 
58 


3 
Minutes Alarm 
0-59 
$OO-s3B 
SOO-S59 
3A 
58 


Hours 
1-12 
sOl-s0C IAMI and 
sOl-s12 (AMI and 
05 
05 
112Hour Model 
S81-$8C(PMI 
$81-$92(PMI 
4 
Hours 
(24 Hour Model 
0-23 
sOO-s17 
sOO-s23 
05 
05 


Hours Alarm 
1-12 
sOl-s0C IAMI and 
sOl-s12 IAMI and 
05 
05 
5 
(12 Hour Model 
S81-S8C(PMI 
s81-$92(PMI 


Hours Alarm 
0-23 
$00-$17 
05 
05 
(24 Hour Model 
$00-23 


6 
Day of the Week 
1-7 
$01-$07 
sOl-s07 
05 
05 
Sunday= 1 
7 
Dateof the Month 
1-31 
sOl-$lF 
$01-$31 
OF 
15 
B 
Month 
1-12 
$Ol-$OC 
$01-$12 
02 
02 
9 
Year 
0-99 
$00-$63 
$00-$99 
4F 
79 


STATIC CMOS RAM 


The 50 general 
purpose 
RAM 
bytes are not dedicated 
within 
the MC146818A. They can be used by the processor 
program, 
and are fully available during the update cycle. 
When 
time and calendar 
information 
must 
use battery 
back-up, very frequently 
there is other non-volatile 
data that 
must be retained when main power is removed. The 50 user 
RAM bytes serve the need for low-power 
CMOS battery- 
backed 
storage, 
and 
extend 
the 
RAM 
available 
to 
the 
program. 
When 
further 
CMOS 
RAM 
is 
needed, 
additional 
MCl46818As 
may 
be 
included 
in 
the 
system. 
The 
time/calendar 
functions 
may be disabled 
by holding 
the 
DVo-DV2 dividers, in Register A, in the reset state by setting 
the 
SET bit in Register 
B or by removing 
the oscillator. 


Holding the dividers in reset prevents interrupts or SQW out- 
put from 
operating 
while setting 
the SET bit allows these 
functions 
to occur. With the dividers clear, the available user 
RAM 
is extended 
to 59 bytes. 
The high-order 
bit of the 
seconds byte, bit 7 of Register A, and all bits of Registers C 
and D cannot effectively 
be used as general purpose RAM. 


INTERRUPTS 


The RTC plus RAM includes three separate fully automatic 
sources of interrupts 
to the processor. 
The alarm interrupt 
may be programmed 
to occur at rates from once-per-second 
to one-a-day. 
The periodic 
interrupt 
may be selected 
for 
rates from half-a-second 
to 30.517 ,"s. The update-ended 
in- 
terrupt 
may be used to indicate to the program that an up- 
date cycle is completed. 
Each of these independent 
interrupt 
conditions 
are described in greater detail in other sections. 
The processor program selects which interrupts, 
if any, it 
wishes to receive. Three bits in Register B enable the three 
interrupts. 
Writing 
a "1" 
to a interrupt-enable 
bit permits 
that interrupt to be initiated when the event occurs. A "0" 
in 
the 
interrupt-enable 
bit prohibits 
the 
IRQ pin from 
being 
asserted due to the interrupt 
cause. 


If an 
interrupt 
flag 
is already 
set when 
the 
interrupt 
becomes 
enabled, 
the 
IRQ pin is immediately 
activiated, 
though 
the interrupt 
initiating 
the event may have occurred 
much 
earlier. 
Thus, 
there 
are cases where 
the 
program 
should 
clear such 
earlier 
initiated 
interrupts 
before 
first 
enabling new interrupts. 
When an interrupt event occurs, a flag bit is set to a "1" in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent 
of the state 
of the corresponding 
enable bits in Register B. The flag bit 
may be used with 
or without 
enabling 
the corresponding 
enable bits. 
In the 
software 
scanned 
case, 
the 
program 
does 
not 
enable the interrupt. 
The "interrupt" 
flag bit becomes 
a 
status bit, which the software 
interrogates, 
when it wishes, 
When the software detects that the flag is set, it is an indica- 
tion to software that the "interrupt"event 
occurred since the 
bit was last read. 
However, 
there 
is 
one 
precaution. 
The 
flag 
bits 
in 
Register C are cleared Irecord of the interrupt 
event is eras- 


ed) when Register C is read. Double latching is included with 
Register C so the bits which are set are stable throughout 
the 
read cycle. All bits which are high when read by the program 
are cleared, and new interrupts 
Ion any bits) are held after 
the read cycle. One, two or three flag bits may be found to 
be set when Register C is used. The program should inspect 
all utilized flag bits every time Register C is read to insure that 
no interrupts 
are lost. 


The second flag bit usage method is with fully enabled in- 
terrupts. 
When 
an interrupt-flag 
bit is set and the COrre- 
sponding 
interrupt-enable 
bit 
is also set, 
the iRQ pin 
is 
asserted low. IRQ is asserted as long as at least one of the 
three interrupt 
sources has its flag and enables bits both set. 


The IRQF bit in Register C is a "1" 
whenever the IRQ pin is 
being driven low. 
The processor 
program 
can determine 
that the RTC in- 
itiated 
the interrupt 
by reading Register C. A "1" 
in bit 7 


IIRQF bit) indicates that one or more interrupts have been in- 
itiated by the part. The act of reading Register C clears all the 
then-active 
flag bits, plus the IRQF bit. When the program 
finds IRQF set, it should look at each of the individual flag 
bits 
in 
the 
same 
byte 
which 
have 
the 
corresponding 
interrupt-mask 
bits set and service each interrupt 
which 
is 
set. Again, 
more than one interrupt-flag 
bit may be set. 


operating time base, the first update cycle is one-half second 
later. 
The divider-control 
bits 
are also used to 
facilitate 
testing the MCl46818A. 


DIVIDER 
STAGES 


The MC146818A has 22 binary-divider 
stages following 
the 
time base as shown in Figure 1. The output of the dividers is 
a 1 Hz signal 
to 
the 
update-cycle 
logic. 
The divers 
are 
controlled 
by three 
divider 
bus lDV2, 
DV1, and 
DVm in 


Register A. 


SQUARE-WAVE 
OUTPUT SELECTION 


Fifteen 
of the 22 divider 
taps are made available to a 


1-of-15 selector as shown in Figure 1. The first purpose of 
selecting a divider tap is to generate a square-wave output 
signal at the 
SQW 
pin. The RSO-RS3 bits in Register A 
establish the square-wave frequency as listed in Table 5. The 
SQW frequency 
selection 
shares the 1-of-15 selector with 
periodic interrupts. 
Once the frequency is selected, the output of the SQW pin 
may be turned 
on and off under program control 
with the 
square-wave 
output 
selection 
bits, 
or the SQWE output- 
enable bit may generate an asymmetrical 
waveform 
at the 
time of execution. 
The square-wave output pin has a number 


of potential 
uses. For example, it can serve as a frequency 
standard for external use, a frequency 
synthesizer, or could 


be used to generate one or more audio tones under program 
control. 


DIVIDER CONTROL 


The divider-control 
bits 
have three 
uses, as shown 
in 
Table 4. Three usable operating time bases may be selected 
14.194304 MHz, 1.048576 MHz, or 32.768 kHzl. The divider 
chain may be held at reset, which allows precision setting of 
the time, 
When 
the divider 
is changed 
from 
reset to an 


Time·8ase 
Divider Bits 
Operation 
Divider 
Bypass 
First 


Frequency 
Register A 
Mode 
Reset 
N-Divider 
Bits 


DV2 
DV1 
DVO 


4.194304MHz 
0 
0 
0 
Yes 
- 
N=O 


1.048576MHz 
0 
0 
I 
Yes 
- 
N=2 


32 768 kHz 
0 
I 
0 
Yes 
- 
N=7 


Any 
1 
I 
0 
No 
Yes 
- 


Any 
1 
I 
1 
No 
Yes 
- 


4.194304or 1.048576MHz 
32.768 kHz 


Select Bits 
Time Base 
Time Base 


Register A 
Periodic 
Periodic 


RS3 
RS2 
RS1 
RSO 
Interrupt 
Rate 
SOW Output 
Interrupt 
Rate 
SOW Output 


lpi 
Frequency 
tPI 
Frequency 


0 
0 
0 
0 
None 
None 
None 
None 


0 
0 
0 
1 
30.517~s 
32.768kHz 
3.90625ms 
256 Hz 


0 
0 
I 
0 
61.035~s 
16.384kHz 
7.8125ms 
128 Hz 


0 
0 
1 
I 
122.070.s 
8.192 kHz 
122.070.s 
8.192 kHz 
0 
1 
0 
0 
244.141~s 
4.096 kHz 
244.141~s 
4.096 kHz 


0 
1 
0 
I 
488.281~s 
2.048 kHz 
488.281~s 
2.048 kHz 


0 
1 
I 
0 
976.562~s 
1.024kHz 
976.562~s 
1.024kHz 


0 
1 
I 
I 
1.953125ms 
512 Hz 
1.953125ms 
512 Hz 
1 
0 
0 
0 
3.90625ms 
256 Hz 
3.90625ms 
256 Hz 
1 
0 
0 
1 
7.8125ms 
128Hz 
7.8125ms 
128 Hz 


1 
0 
1 
0 
15.625ms 
64 Hz 
15.625ms 
64 Hz 
I 
0 
1 
1 
31.25 ms 
32 Hz 
31.25 ms 
32 Hz 
I 
1 
0 
0 
62.5 ms 
16 Hz 
62.5 ms 
16 Hz 
I 
1 
0 
1 
125ms 
8 Hz 
125ms 
8 Hz 
I 
1 
1 
0 
250 ms 
4 Hz 
250 ms 
4 Hz 
I 
1 
1 
1 
500 ms 
2 Hz 
500 ms 
2 Hz 


• 


PERIODIC INTERRUPT SELECTION 


The periodic 
interrupt 
allows the IRQ pin to be triggered 
from 
once 
every 
500 ms to 
once 
every 30.517 /,s. The 
periodic interrupt 
is separate from the alarm interrupt 
which 
may be output 
from once per second to once per day. 


Table 5 shows that the periodic interrupt 
rate is selected 


with the same Register A bits which select the square-wave 
frequency. 
Changing one also changes the other. 
But each 
function 
may be separately enabled so that a program could 
switch between the two features or use both. The SQW pin 
is enabled 
by the 
SQWE bit in Register 
B. Similarly 
the 
periodic interrupt 
is enabled by the PIE bit in Register B. 


Periodic 
interrupt 
is usable 
by practically 
all real-time 
systems. 
It can be used to scan for all forms of inputs from 
contact closures to serial recieve bits or bytes. It can be used 
in 
multiplexing 
displays 
or 
with 
software 
counters 
to 
measure inputs, 
create output 
intervals, 
Dr await the next 
needed sDftware function. 


UPDATE 
CYCLE 


The 
MCl46818A 
executes 
an 
update 
cycle 
once 
per 
second, assuming one of the prDper time bases is in place, 
the DVO-DV2 divider is not clear, and the SET bit in Register 
B is clear. The SET bit in the "1" 
state permits the program 


. to initialize the time and calendar bytes by stopping 
an ex- 


isting update and preventing 
a new one from occurring. 


The primary function 
Df the update cycle is to increment 
the seconds byte, check for overflow, 
increment the minutes 


byte when appropriate 
and so forth through 
to the year of 


the century 
byte. 
The update 
cycle 
also compares 
each 


alarm byte with 
the corresponding 
time byte and issues an 
alarm if a match or if a "dDn't 
care" 
code I11XXXXXXI 
is 


present in all three positions. 


With a 4.194304 MHz Dr 1.048576 MHz time base the up- 
date cycle takes 248/'s while a 32.768 kHz time base update 
cycle takes 1984/'s. During the update cycle, the time, calen- 
dar, and alarm bytes are nDt accessible by the processor pro- 
gram. The MCl46818A 
protects 
the program from reading 


transitional 
data. 
This protectiDn 
is prDvided by switching 
the time, calendar, 
and alarm portion 
of the RAM off the 
microprocessor 
bus during 
the entire update 
cycle. 
If the 


prDcessor reads these RAM locations 
before the update is 


complete, 
the Dutput will be undefined. 
The update in pr 
gress (UIPI status bit is set during the interval. 


A program which randomly accesses the time and date in· 


formation 
finds data unavailable statistically 
once every 4032 
attempts. 
Three methods of accommodating 
nonavailability 


during update are usable by the program. 
In discussing the 


three methods, it is assumed that at random points user prD- 
grams are able to call a subroutine 
tD obtain the time of day. 


The first method 
of avoiding 
the update cycle uses the 
update-ended 
interrupt. 
If enabled, an interrupt 
occurs after 


every update 
cycle which 
indicates 
that 
Dver 999 ms are 


available to read valid time and date information. 
During this 
time a display could be updated or the information 
could be 


transferred 
to continuously 
available RAM. 
Before leaving 
the interrupt 
service 
routine, 
the 
IRQF bit in Register 
C 
should be cleared. 


The second methDd uses the update-in-prDgress 
bit IUIP) 


in Register A to determine if the update cycle is in progress 
Dr not. The UIP bit will pulse once per secDnd. Statistically, 
the UIP bit will indicate 
that time and date information 
is 


unavailable once every 2032 attempts. 
After the UIP bit goes 


high, the update cycle begins 244/'s later. Therefore, if a low 
is read on the UIP bit, the user has at least 244/'s before the 
time/calendar 
data will be changed. 
If a "1" 
is read in the 


UIP bit, the time/calendar 
data may nDt be valid. The user 


shDuld avoid interrupt 
service routines that would cause the 


time 
needed to 
read valid 
time/ calendar 
data 
tD exceed 


244/,s. 


The third method uses a periodic interrupt 
to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
high between 
the setting 
of the PF bit in Register C Isee 


Figure 15), PeriDdic interrupts 
that Dccur at a rate Df greater 
than tBUC + tuc 
allow valid time and date information 
to be 


read at each occurrence 
of the periodic interrupt. 
The reads 
should be completed 
within 
IT PI + 2) + tBUC tD ensure that 
data is not read during the update cycle. 


To properly setup the internal CDunters fDr daylight 
sav- 
ings time operation, 
the user must set the time at least two 


secDnds befDre the rollDver will occur. 
Likewise, 
the time 
must be set at least tWD secDnds befDre the end of the 29th 
or 30th day of the month. 
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tPI = Periodic 
interrupt 
Time Interval 
(500 ms, 250 ms, 125 ms, 62.5 ms, etc. per Table 5) 


tuc = UpdateCycleTime12481'5 Dr 1984I's} 
tBUC= DelayTimeBeforeUpdateCycle12441'51 


REGISTERS 


The MC146818A has four registers which are accessible to 
the processor program. 
The four registers are also fully ac- 
cessible during the update cycle. 


Read/Wflte 


Register 


except 
UIP 


UIP - 
The update in progress IUIPI bit is a status flag that 
may be monitored 
by the program. 
When UIP is a "1", 
the 
update cycle is in progress or will soon begin. When UIP is a 
"0", 
the update cycle is not in progress and will not be for at 
least 244!'s 
(for all time bases). This is detailed in Table 6. 


The time, calendar, 
and alarm information 
in RAM is fully 
available to the program when the UIP bit is zero - 
it is not 
in transition. 
The UIP bit is a read-only 
bit, and is not af- 
fected by Reset. Writing 
the SET bit in Register 8 to a "1" 
inhibits any update cycle and then clears the UIP status bit. 


TABLE 
6 - 
UPDATE 
CYCLE TIMES 


Time 
Base 
Minimum 
Time 


Update 
Cycle Time 
Before 
Update 
UIP Bit 
(OSC1) 
(tUC) 
Cycle (tBUC) 


1 
4.194304 
MHz 
246 pS 
- 


1 
1.048576 MHz 
246 ps 
- 


1 
32.766 kHz 
1984 pS 
- 
0 
4194304 
MHz 
- 
244 pS 
0 
1.048576 
MHz 
- 
244 pS 
0 
32.766 kHz 
- 
244 ps 


DV2, DV1, DVO - 
Three bits are used to permit the pro- 
gram 
to select various 
conditions 
of the 22-stage divider 
chain. The divider selection bits identify which of the three 
time-base 
frequencies 
is in use. Table 4 shows 
that time 
bases of 4.194304 MHz, 1.048576 MHz, and 32.768 kHz may 
be used. The divider selection bits are also used to reset the 
divider chain. When the time/calendar 
is first initialized, 
the 
program 
may start the divider at the precise time stored in 


the RAM. When the divider reset is removed, the first update 
cycle begins one-half 
second later. These three read/write 
bits are not affected 
by RESET. 


RS3, RS2, RS1, RSO - 
The four rate selection bits select 
one of 15 tapes on the 22-stage divider, or disable the divider 
output. 
The tap selected may be used to generate an output 


square wave (SQW pinl and/or a periodic interrupt. 
The pro- 
gram may do one of the following: 
11enable the interrupt 
with. the PIE bit, 2) enable the SQW output 
pin with 
the 
SQWE bit, 31enable both at the same time at the same rate, 
or 41 enable neither. Table 5 lists the periodic interrupt 
rates 
and the square-wave 
frequencies that may be chosen with 


the RS bits. These four bits are read/write 
bits which are not 


affected 
by RESET. 


SET -)Nhen 
the SET bit is a "0", 
the update cycle func- 
tiorlS" normally 
by advancing 
the counts 
once-per-second. 
When the SET bit is written 
to a "1", 
any update cycle in 


progress is aborted and the program may initialize the time 
and calendar bytes without 
an update occurring 
in the midst 


of initializing. 
SET is a read/write 
bit which 
is not modified 


by RESET or internal functions 
of the MC146818A. 


PIE 
- 
The 
periodic 
interrupt 
enable 
(PIEI 
bit 
is 
a 


read/write 
bit which 
allows the periodic-interrupt 
flag (PF) 
bit in Register C to cause the IRQ pin to be driven low. A pro- 
gram writes a "1" 
to the PIE bit in order to receive periodic 
interrupts 
at the rate specified by the RS3, RS2, RS1, and 


RSO bits in Register A. A zero in PIE blocks IRQ from being 
initiated by a periodic interrupt, 
but the periodic flag (PF) bit 
is still set at the periodic rate. PIE is not modified 
by any in- 
ternal 
MC146818A 
functions, 
but 
is cleared 
to "0" 
by a 
RESET. 


AlE - 
The alarm interrupt 
enable (AIEl bit is a read/write 


bit which when set to a "1" permits the alarm flag IAF) bit in 
Register C to assert IRQ. An alarm interrupt 
occurs for each 


second that the three time bytes equal the three alarm bytes 
(including 
a "don't 
care" alarm code by binary 11XXXXXI. 


When the AlE bit is a "0", 
the AF bit does not initiate an IRQ 
signal. The RESET pin clears AlE to "0". 
The internal func- 
tions do not affect the AlE bit. 


UIE - 
The UIE (update-ended 
interrupt 
enable) bit is a 


read/write 
bit which enables the update-end 
flag (UFI bit in 
Register C to assert IRQ. The RESET pin going low or the 
SET bit going high clears the UIE bit. 


SQWE - 
When the square-wave enable (SQWE) bit is set 
to a "1" 
by the program, 
a square-wave 
signal at the fre- 


quency specified in the rate selection bits (RS3 to RSOl ap- 
pears on the SQW pin. When the SQWE bit is set to a zero 
the SQW pin is held low. The state of SQWE is cleared by 
the RESET pin. SQWE is a read/write 
bit. 


OM - 
The data mode IOMI 
bit indicates whether 
time 
and calendar updates are to use binary or BCD formats. The 
OM bit is written 
by the processor program and may be read 


by the program, but is not modified by any internal functions 
or RESET. A "1" 
in OM signifies binary data, while a "0" 
in 


OM specifies binary-coded-decimal 
(BCD) data. 


24/12 
- 
The 24/12 control 
bit establishes the format 
of 


the hours bytes as either the 24-hour mode la "1") 
or the 
12-hour mode la "0"1. This is a read/write 
bit, which 
is af- 
fected only by software. 


DSE 
- 
The 
daylight 
savings 
enable 
lOSE) 
bit 
is a 
read/write 
bit 
which 
allows 
the 
program 
to 
enable two 
special updates Iwhen OSE is a "1"1. On the last Sunday in 
April the time increments 
from 
1:59:59 AM to 3:00:00 AM. 
On the last Sunday in October when the time first reaches 
1:59:59 AM it changes to 1:00:00 AM. These special updates 
do not occur when the OSE bit is a "0". 
OSE is not changed 


by any internal operations 
or reset. 


IRQF - 
The interrupt 
request flag (IRQFl is set to a "1" 
when one or more of the following 
are true: 


PF=PIE="1" 
AF=AIE="1" 
UF=UIE="1" 
i.e., IRQF= PF.PIE + AF.AIE + UF.UIE 


II 


• 


Any time the IRQF bit is a "1", 
the IRQ pin is driven low. 


All flag bits are cleared after Register C is read by the pro- 
gram or when the RESET pin is low. 


PF - 
The periodic 
interrupt 
flag IPFI is a read-only 
bit 


which 
is set to a "1" 
when a particular edge is detected on 


the selected tap of the divider chain. The RS3 to RSO bits 
establish the periodic rate. PF is set to a "1" 
independent 
of 
the state of the PIE bit. PF being a "1" initiates an IRQ signal 
and sets the IRQF bit when PIE is also a "1". 
The PF bit is 


cleared by a RESET or a software 
read of Register C. 


AF - 
A "1" 
in the AF (alarm interrupt 
flag) bit indicates 


that the current time has matched the alarm time. A "1" 
in 


the AF causes the IRQ pin to go low, and a "1" to appear in 
the IRQF bit, when the AlE bit also is a "1." 
A RESET or a 


read of Register C clears AF. 


UF - 
The update-ended 
interrupt 
flag (UFI bit is set after 
each update cycle. when the UIE bit is a "1", 
the "1" 
in UF 


causes the IRQF bit to be a "1", 
asserting IRQ. UF is cleared 
by a Register C read or a RESET. 


b3 TO bO - 
The unused bits of Status Register 1 are read 


as "0' s". They can not be written. 


b6 TO bO - 
The remaining bits of Register D are unused. 


They cannot be written, 
but are always read as "O's." 


The MCl46818A 
is best suited for use with microproces- 
sors which generate an address-then-data 
multiplexed 
bus. 
Figures 16 and 17 show typical interfaces to bus-compatible 
processors. 
These 
interfaces 
assume 
that 
the 
address 
decoding 
can 
be 
done 
quickly. 
However, 
if 
standard 
metalgate CMOS gates are used, the CS setup time may be 
violated. 
Figure 18 illustrates an alternative 
method 
of chip 
selection which will accommodate 
such slower decoding. 


The MC146818A can be interfaced 
to single-chip 
micro- 
computers 
IMCU) 
by using eleven port lines as shown 
in 
Figure 19. Non-multiplexed 
bus microprocessors 
can be in- 
terfaced with additional 
support. 
There 
is one 
method 
of 
using 
the 
multiplexed 
bus 
MCl46818A 
with non-multiplexed 
bus processors. The inter- 
face uses available bus control 
signals to multiplex 
the ad- 
dress and data bus together. 


An example using either the Motorola 
MC6800, MC6802, 


MC6808, or MC6809 microprocessor 
is shown in Figure 20. 
When the MC146818A is 110 mapped as shown in Figures 19 
and 20, the AS and DS inputs should be left in a low state 
when the part is not being accessed. Refer to the STBY pin 
description 
for the conditions 
which 
must 
be met before 
ST8Y can be recognized. 


Figure 21 illustrates the subroutines which may be used for 


VRT 
The valid RAM and time IVRT) bit indicates the 
data transfers in a non-multiplexed 
system. The subroutines 
condition 
of the contents 
of the RAM, provided the power 
should be entered with the registers containing 
the following 


sense (PS) pin is satisfactorily 
connected. 
A "0" 
appears in 
data: 


the VRT bit when the power-sense pin is low. The processor 
Accumulator 
A: The address of the RTC to be accessed. 


program can set the VRT bit when the time and calendar are 
Accumulator 
B: Write: 
The data to be written. 
initialized to indicate that the RAM and time are valid. The 
Read: The data read from the RTC. 
VRT is a read only bit which 
is not modified 
by the RESET 
The RTC is mapped to two consecutive 
memory locations 
- 
pin. The VRT bit can only be set by reading Register D. 
RTC and RTC+ 1 as shown in Figure 20. 


FIGURE16 - 
MCl46818A INTERFACEDWITH 
MOTOROLA COMPATIBLE MULTIPLEXEDBUS MICROPROCESSORS 
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® MOTOROLA 


The MCl46823 CMOS parallel interface (CPO provides a universal 


means of interfacing 
external signals with 
the MC146805E2 CMOS 


microprocessor and other multiplexed bus microprocessors. The unique 
MOTEL circuit on-chip allows direct interfacing to most industry CMOS 
microprocessors, as well as many NMOS MPUs. 


The MC146823 CPI includes three bidirectional 8-bit ports or 24 I/O 
pins. Each I/O line may be separately established as an input or an out- 
put under program control via data direction registers associated with 
each 
port. 
Using 
the 
bit 
change 
and 
test 
instruciions 
of 
the 


MC146805E2, each individual I/O pin can be separately accessed. All 
port registers are read/write 
byteS to accommodate read-modify-write 


instructions. 
Features 
include: 


• 
24 Individually Programmed I/O Pins 


• 
MOTEL Circuit for Bus Compatibility with Many Microprocessors 


• 
Multiplexed Bus Compatibility with: MC146805E2,MC6801, MC6803, 


and Competitive Microprocessors 


• 
Data Direction Registers for Ports A, 8, and C 


• 
Four Port C I/O Pins May Be Used as Control Lines for: 


Four Interrupt Inputs 
Input Byte Latch 
Output Pulse 
Handshake Activity 


• 
15 Registers Addressed as Memory Locations 


• 
Handshake Control LogiCfor Input and Output Peripheral Operation 


• 
Interrupt Output Pin 


• 
Reset Input to Clear Interrupts and Initialize Internal Registers 


• 
3.0 Volt to 5.5 Volt Operating VDD 


ORDERING INFORMATION 


IT A ~ O°C to + 70°CI 


Package 
Type 
Order Number 


Plastic 
- 
P Suffix 
MC146823P 


CeramIc (Side Brazed) 
- 
L Suffix 
MC146823L 


Cerdlp 
- 
S Suffix 
MC146823S 


Chip Carner - 
Z Sufflx 
MC146823Z 


CMOS 


(HIGH-DENSITY 
HIGH-PERFORMANCE 


SILICON-GATEI 


~ 


I 
L SUFFIX 
11~ 
CERAMIC 
PACKAGE 


I 
CASE 
715 


~~II 
PSUFFIX 


. '< 
PLASTIC 
PACKAGE 


CASE 
711 


~ 


SSUFFIX 


I 
CEROIP 
PACKAGE 


I 
CASE 
734 
<> 


Z SUFFIX 


CHIP 
CARRIER 


CASE 
761 


PC2 
VDD 


PCl 
39 
PC3 


PCO 
38 
PC4/CAl 


PAO 
37 
PC5/CA2 


PAl 
36 
PC6/CB1 


PA2 
35 
PC7/CB2 


PA3 
34 
PBO 


PA4 
33 
PBl 


PA5 
32 
PB2 


PA6 
10 
31 
PB3 


PA7 
11 
30 
PB4 


ADO 
12 
29 
PB5 


ADl 
13 
28 
PB6 


AD2 
14 
27 
PB7 


AD3 
15 
26 
IRQ 


AD4 
16 
25 m 


AD5 
17 
24 
DS 


AD6 
18 
23 
R/W 


AD7 
19 
22 
AS 


VSS 
20 
21 
cr 


Pin assignments are the same for both the dual4ln~ 
line and chip carner package 


PAO 


PAl 


PA2 


PA3 


PA4 


PA5 


ADO 
PA6 


ADl 
PA7 


AD2 


AD3 
• 


AD4 


AD5 
PBO 


AD6 
PBl 


AD7 
PB2 


PB3 


PB4 


Bus 
PB5 


Input 
PB6 


Register 
PB7 


IRQ 


AS 


DS 


R/W 
Control 


RESET 
Inputs 


IT 


VDD 
• 


VSS 
• 


PCO 


PCl 


PC2 


PC3 


PC4/CAl 


PC5/CA2 


PC6/CBl 


PC7/CB2 


• 


Ratings 
Symbol 
Value 
Unit 


Supply 
Voltage 
VOO 
-0.3 
to +8.0 
V 


All Input 
Voltages 
Vin 
VSS - 0.5 to VOO + 0.5 
V 


Current Drain per Pin Excluding 


VOO and VSS 
I 
10 
mA 


Operating Temperature 
Range 
TA 
o to + 70 
'C 


Storage Temperature 
Range 
Tstg 
-55 
to +150 
'C 


This device 
contains 
circuitry 
to protect 
the In- 


puts against 
damage 
due to high static 
voltages 
or electric fields; however. 
it is advised that nor- 


mal precautions be taken to avoid application 
of 


any voltage 
higher than maximum 
rated voltages 


to this high-impedance 
circuit. 
For proper 
opera- 


tion it is recommended 
that Vin and Vout 
be con- 
strained to the range VSS2: (Vin or Vout) 2:VOQ. 
Leakage currents are reduced 
and reliability of 


operation 
is enhanced 
if unused Inputs are tied to 


an appropriate 
logic voltage 
level (e.9 .. either 


VSS or VOOI. 
Characteristics 
Symbol 
Value 
Unit 


Thermal 
Resistance 


Ceramic 
9JA 
50 
'C/W 


Plastic 
100 


Cerdip 
60 
Chip 
Carrier 
TBO 


Parameter 
Symbol 
Min 
Max 
Unit 


Output 
Voltage 
(ILoad'" 
10 pAl 
VOL 
- 
0.1 
V 


VOH 
VOO-0.1 
- 
V 


Output 
High Voltage 
(ILoad= 
-1.6 
mAl 
AOQ.A07 
VOH 
4.1 
VOO 
f1Load= 
-0.2 
mAl 
PAO-PA7, 
PCO-PC7 
VOH 
4.1 
VOO 
V 
f1Load= 
-0.36 
mAl 
PBO-PB7 
VOH 
4.1 
VOO 


Output 
Low Voltage 


(ILoad= 
1.6 mAl 
ADO-A07, 
PBQ.PB7 
VOL 
VSS 
0.4 


IILoad=0.8 
mAl 
PAO-PA7, 
PCO-PC7 
VOL 
VSS 
0.4 
V 
IILoad~ 
1.0 mAl 
IRQ 
VOL 
VSS 
0.4 


Input 
High Voltage, 
ADO-AD7, 
AS, 
OS, R/W, cr, PAO-PA7, 
PBO-PB7, 
PCQ.PC7 
VIH 
VOO 
2.0 
VOO 
V 


RESET 
VIH 
VOO-0.8 
VOO 


Input 
Low Voltage 
fAil 
Inputsl 
VIL 
VSS 
0.8 
V 


Quiescent 
Current 
- 
No de Loads 
fAil 
Ports Programmed 
as Inputs, 
All Inputs= 
VOO 
- 
0.2 VI 
100 
- 
160 
pA 


Total 
Supply 
Current 


(All 
Ports Programmed 
as Inputs, 
CE~ VIL, 
teye= 
1 psi 
100 
- 
30 
mA 


Input 
Current, cr, AS, 
R/W, 
OS, RESET 
lin 
- 
± 10 
pA 


Hi-Z State 
Leakage, 
ADO-A07, 
PAO-PA7, 
PBO-PB7, 
PCO-PC7 
ITSL 
- 
± 10.0 
pA 


CMOS 
EqUivalent 
TestPolnt~ 


For all outputs 
except IRQ 
1 


C 
C~50 
pF; All Ports 
I 


= 130 pF; ADO-A07 


for VOO~5 
V ± 10% 
= 


Pin 
Rl 
R2 
C 


ADO-AD7 
2.55k 
2.0k 
130 pF 


PAO-PA7, 
PCO-PC7 
20.0k 
4.32k 
50 pF 


P80-PB7 
115k 
2.1k 
50 pF 


Ident. 


Number 
Characteristics 
Symbol 
Min 
Max 
Unit 


1 
Cycle Time 
1eye 
1000 
de 
ns 


2 
Pulse Width, 
DS/ E Low or fID/WR High 
PWEL 
300 
ns 


3 
Pulse Width, 
DS/E 
High or RTI/WR Low 
PWEH 
325 
- 
ns 


4 
Input Rise and Fall Time 
Ir, tf 
- 
30 
ns 


8 
R/W 
Hold Time 
tRWH 
10 
- 
ns 


13 
R/W 
and CE Setup 
Time 
Before US/E 
tRWS 
25 
- 
ns 


15 
Chip Enable Hold Time 
tCH 
0 
- 
ns 


18 
Read Data Hold Time 
tDHR 
10 
100 
ns 


21 
Write 
Data Hold Time 
tDHW 
0 
ns 


24 
Muxed 
Address 
Valid 
Time 
to AS/ ALE Fall 
tASL 
25 
- 
ns 


25 
M uxed Address Hold Time 
tAHL 
20 
- 
ns 


26 
Delay Time 
DS/E 
to AS/ ALE Rise 
tASD 
60 
ns 


27 
Pulse Width, 
AS/ ALE High 
PWASH 
170 
- 
ns 


28 
Delay Time, 
AS/ ALE to DS/ E Rise 
tASED 
60 
- 
ns 


30 
Peripheral Output 
Data Delay Time from DS/E 
or RD 
tDDR 
20 
240 
ns 


31 
Peripheral Data Setup Time 
tDSW 
220 
- 
ns 
- 
- 


ADO· 
AD7 
WRITE 


ADO· 
AD7 
READ 


• 


• 


Parameter 
Symbol 
Min 
Max 
Unit 


Interrupt 
Response (Input Modes 1 and 3) 
tlROR 
TBD 
- 
I's 


Delay, 
CAl 
ICB1I 
Active 
Transition 
to CA2 ICB2J High (Output 
Mode 01 
tC2 
TBD 
- 
I's 


Delay, 
CA2 Transition 
from 
Positive 
Edge of AS IOutput 
Modes 0 and 11 
tA2 
TBD 
- 
I's 


Delay, 
CB2 Transition 
from 
Negative 
Edge of AS (Output 
Modes 0 and 11 
tB2 
TBD 
- 
I's 


CA2/CB2 
Pulse Width 
(Output 
Mode 
11 
tpw 
TBD 
TBD 
ns 


Delay, 
VDD 
Rise to RESET High 
tRLH 
TBD 
- 
I's 


Pulse Width, 
RESET 
tRW 
TBD 
- 
ns 


~-tC-2 
- 
• 


• 
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The MCl46823, CMOS parallel interface ICPI), contains 24 


individual 
bidirectional 
I/O 
lines configured 
in three 8-bit 


ports. The 15 internal registers, which control the mode of 
operation and contain the status of the port pins, are access- 
ed via an 8-bit multiplexed address/ data bus. The lower four 
address bits IADO-AD3) of the multiplexed 
address bus 


determine which register is to be accessed (see Figure 11. 
The four address bits IAD4, AD5, AD6, and AD7) must be 
separately decoded to position this memory map within each 
256 byte address space available via the 8-bit multiplexed 
address 
bus. 
For 
more 
detailed 
information 
refer 
to 


REGISTER DESCRIPTION. 


Port A Data, 
Clear CA 1 Interrupt 
PlDA 


Port A Data, 
Clear CA2 Interrupt 
P2DA 


Port A Data 
PDA 


Port B Data 
PDB 


Port C Data 
PDC 


Not Used 
- 


Data Direction 
Register for Port A 
DDRA 


Data Direction 
Register for Port 8 
DDRB 


Data Direction 
Register for Port C 
DDRC 


Control Register for Port A 
CRA 


Control Register for Port B 
CRB 


Pin Function Select Register for Port C 
FSR 


Port B Data. Clear eBl 
Interrupt 
PlDB 


Port B Data, Clear CB2 Interrupt 
P2DB 


Handshake/Interrupt 
Status Register 
HSR 


Handshake Over-Run 
Warning 
Register 
HWR 


The CPI is implemented with the MOTEL circuit which 


allows direct interface with either of the two major multi- 
plexed microprocessor bus types. A detailed description of 
the MOTEL circuit is provided in the MOTEL section. 


Three data direction registers IDDRsl, one for each port, 


determine which pins are outputs and which are inputs. A 
logic zero on a DDR bit configures its associated pin as an in- 
put; and a logic one configures the pin as an output. Upon 
reset, the DDRs are cleared to logic zero to configure all port 
pins as inputs. 


Actual port data may be read or written via the port data 


registers (PDA, PDB, and PDC). Ports A and B each have 
two additional data registers IP1DA and P2DA - 
P1DB and 
P2DB) which are used to clear the associated handshake/ 
interrupt status register bits IHSAl 
and HSA2 - 
HSBl and 


HSB2), respectively. Port A may also be configured as an 
8-bit latch when used with CA1 Reset has no effect on the 
contents 
of the port data registers. Users are advised to 
initialize the port data registers before changing any port pin 
to an output. 


Four pins on port C IPC4/ CA1, PC5/ CA2, PC6/ CB1, and 


PC7/CB21 may additionally 
be programmed as handshake 
lines for ports A and B via the port C function select register 
IFSRl. Both ports A and B have one input-only line and one 
bidirectional handshake line each associated with them. The 
handshake lines may be programmed to perform a variety of 
tasks such as interrupt requests, setting flags, latching data, 
and data transfer requests and/ or acknowledgements. 
The 


handshake functions are programmed via control registers A 
and B (CRA and CRB). Additional information may be found 
in 
PIN 
DESCRIPTIONS, 
REGISTER DESCRIPTION, 
or 


HANDSHAKE OPERATION. 


MOTEL 


The 
MOTEL 
circuit 
is 
a 
concept 
that 
permits 
the 
MCl46823 to be directly interfaced with different types of 
multiplexed 
bus microprocessors 
without 
any additional 
external logic. For a more detailed description of the multi- 
plexed 
bus, 
see 
MULTIPLEXED 
BIDIRECTIONAL 
AD- 
DRESS/DATA 
BUS (ADO-AD7l. 
Most multiplexed micro- 


processors use one of two synchronous buses to interface 
peripherals. One bus was originated 
by Motorola 
in the 


MC6803 and the other by Intel in the 8085. 


The MOTEL circuit Ifor MOTorola and intEL bus) is built 


into peripheral and memory ICs to permit direct connection 
to either type of bus. A functional diagram of the MOTEL cir- 
cuit is shown in Figure 2. 


Motorola Type 
MPU Signals 
Competitor 
Type 
MPU Signals 
MCl46823 
Pin Signals 
Internal 
Signals 


The microprocessor type is automatically selected by the 
MOTEL circuit through latching the state of the OS/RO pin 
with ASI ALE. Since OS is always low during AS and RO is 
always high during ALE, the latch automatically indicates 
with which type microprocessor bus it is interfaced. 


The following paragraphs contain a brief description of the 
input and output pins. References lif applicable) are given to 
other paragraphs that contain more detail about the function 
being performed. 


MULTIPLEXED BIDIRECTIONAL ADDRESS/DATA 
BUS 


(ADO-AD7) 


Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion of the bus cycle for 
data. Address-then-data 
multiplexing 
does not slow the 
access time of the MCl46823 since the bus reversal from 
address to data is occurring 
during the internal register 


access 
time. 


The address must be valid tAS L prior to the fall of 
ASI ALE at which time the MCl46823 latches the address 
present on the AOD-AD3 pins. Valid write data must be 
presented and held stable during the latter portion of the OS 
or WR pulses. In a read cycle, the MCl46823 outputs eight 
bits of data during the latter portion of the DS or RO pulses, 
then ceases driving the bus Ireturns the output drivers to 
high 
impedance) tDHR 
hold time after 
DS falls in the 
Motorola case of MOTEL or RD rises in the other case. 


The address strobe input pulse serves to demultiplex the 
bus. The falling edge of AS or ALE causes the addresses 
ADO-A03 to be latched within the MCl46823. The automatic 
MOTEL circuit in the MCl46823 also latches the state of the 
DS pin with the falling edge of AS or ALE. 


DATA STROBE OR READ (OS) 


The OS input pin has two interpretations via the MOTEL 
circuit. When generated by a Motorola microprocessor, DS 
is a positive pulse during the latter portion of the bus cycle, 
and is variously called DS (data strobel, E lenablel, or phase 
2 Iphase 2 clock!. During read cycles, DS or RO signifies the 
time that the CPI is to drive the bidirectional bus. In write 
cycles, the trailing edge of OS or rising edge of WR causes 
the parallel interface to latch the written data present on the 
bidirectional bus. 


The second MOTEL interpretation of DS is that of RD, 
MEMR, or I/OR originating from the competitor's micropro- 
cessor. In this case, DS identifies the time period when the 
parallel interface drives the bus with read data. This inter- 
pretation of OS is also the same as an output-enable signal 
on a typical memory. 
The MOTEL circuit, 
within 
the MC146823, latches the 
state of the DS pin on the falling edge of ASI ALE. When the 
Motorola mode of MOTEL is desired OS must be low during 
ASI ALE, which is the case with the Motorola multiplexed 
bus microprocessors. 
To insure the competitor 
mode of 
MOTEL, the OS pin must remain high during the time ASI 
ALE is high. 


READ/WRITE (R/W) 


The MOTEL circuit treats the R/W input pin in one of two 
ways. First, when a Motorola microprocessor is connected, 
R/W 
is a level which indicates whether the current cycle is a 
read or write. A read cycle is indicated with a high level on 
R/W 
while OS is high, whereas a write cycle is a low on 
R/W 
while OS is high. 
The second interpretation of R/W 
is as a negative write 
pulse, WR, MEMW, and VOW from competitor's micropro- 
cessors. The MOTEL circuit in this mode gives the R/W pin 
the same meaning as the write (WI pulse on many generic 
RAMs. 


CHIP ENABLE (CE) 


The CE input signal must be asserted lIow) for the bus 
cycle in which the MCl46823 is to be accessed. EE is not 
latched and must be stable prior to and during OS lin the 
Motorola case of MOTELI and prior to and during RO and 
WR lin the other MOTEL casel. Bus cycles which take place 
without 
asserting EE cause no actions to take place within 


the MCl46823. When EE is high, the multiplexed bus output 
is in a high-impedance state. 
When EE is high, all data, DS, and R/W 
inputs from the 


microprocessor are disconnected within the MCl46823. This 
permits the MCl46823 to be isolated from a powered-down 
microprocessor. 


RESET (RESET) 


The RESET input pin is an active-low line that is used to 
restore all register bits, except the port data register bits, to 
logical zeros. After reset, all port lines are configured as in- 
puts and no interrupt or handshake lines are enabled. 


INTERRUPT REQUEST (rATI) 
The IRQ output line is an open-drain active-low signal that 
may be used to interrupt the microprocessor with a service 
request. The "open-drain" 
output 
allows this and other 
interrupt request lines to be wire ORed with a pullup resistor. 
The IRQ line is low when bit 7 of the status register is high. 
Bit 7 IIRQFI of 
the handshake/interrupt 
status 
register 
IHSRI is set if any enabled handshake transition occurs; and 
its associated control register bit is set to allow interrupts. 
Refer 
to 
INTERRUPT 
DESCRIPTION 
or 
HANDSHAKE 
OPERATION for additional information. 


PORT A, BIDIRECTIONAL 1/0 LINES (PAD-PAl) 


Each line of port A, PAD-PA7, is individually program- 
mable as either an input or output 
via its data direction 
register IDDRA). An 1/0 pin is an input when its correspond- 
ing DDR bit is a logic zero and an output when the OOR bit is 
a logic one. See Figure 3 for typical 110 circuitry and Table 1 
for 1/0 operation. 


There are three data registers associated with 
port A: 


POA, Pl DA, and P20A. Pl OA and P20A are accessed when 
certain handshake activity 
is desired. See HANDSHAKE 
OPERATION for more information. 


Data written to the port A data register, PDA, is latched 
into the port A output latch regardless of the state of the 
DDRA. Data written to PlDA or P2DA is ignored and has no 
affect upon the output data latch or the 1/0 
lines. An MPU 
read of port bits programmed as outputs reflect the last value 
written to the POA register. Port A pins programmed as in- 
puts may be latched via the handshake line PC4/CA 1 Isee 


• 


• 
DDR 
R/iN 
Bit 
Results 


0 
0 
The I/O pin is in input 
mode. 
Data is written 
into the 
output data latch. 


0 
, 
Data is written 
into the output 
data latch and out- 


put to the 1/0 pin. 
, 
0 
The state of the 110 pin is read. 
, 
, 
The I/O 
pin is in an output 
mode. 
The output 


data latch 
is read. 


HANDSHAKE 
OPERATION) and latched input data may be 


read via any of the three port A data registers. If the port A 
input latch feature is not enabled, an MPU read of any port A 
data register reflects the current 
status of the port A input 


pins if the corresponding 
OORA bits equal zero. Reset has 


no effect 
upon 
the contents 
of the port A data register; 


however, all pins will be placed in the input mode (all OORA 
bits forced 
to equal zerol and all handshake 
lines will 
be 


disabled. 


PORT B BIDIRECTIONAL 
I/O LINES (PBo-PB7) 


Each line of port B, PBO-PB7, is individually programmable 
as either an input or an output via its data direction 
register 


(DORBI. An I/O pin is an input when its corresponding 
OOR 
bit is a logic zero and an output when the OOR bit is a logic 
one. 


There are three data 
registers 
associated 
with 
port 
B: 


POB, PIOB, and P20B. POB is used for simple port B data 
reads and writes. Pl OB and P20B are accessed when certain 
handshake activity 
is desired. 
See HANDSHAKE 
OPERA- 
TION for more information. 
. 
Data written 
to POB or PlDB 
data register is latched into 


the port B output latch regardless of the state of the OORB. 
An MPU read of port bits programmed as outputs reflect the 
last value written 
to a port B data register. An MPU read of 


any port B register reflects the current 
status of the input 


pins whose OORB bits equal zero. Reset has no effect upon 
the contents of the port B data register; however, all pins will 
be placed in the input mode (all OORB bits forced to equal 
zero) and all handshake lines will be disabled. 


PORT C, BIDIRECTIONAL 
I/O LINES (PCO-PeJ) 


Each line of port C, PCo-PC3, is individually programmable 
as either an input or an output 
via its data direction 
register 
(DORC). An I/O pin is an input when its corresponding 
OOR 


bit is a logic zero and an output when the OOR bit is a logic 
one. Port C data register (POC) is used for simple port C data 
reads and writes. 


Oata written 
into POC is latched into the port C data latch 


regardless of the state of the OORC. An MPU read of port C 
bits programmed 
as outputs 
reflect the last value written 
to 
the POC register. An MPU read of the port C register reflects 
the current 
status of the corresponding 
input 
pins whose 
OORC bits equal zero. Reset has no effect upon the contents 
of the port C data register; however, all pins will be placed in 
the input mode (all OORC bits forced to equal zero) and all 
handshake lines will be disabled. 


PORT C BIDIRECTIONAL 
I/O LINE OR PORT A INPUT 
HANDSHAKE 
LINE (PC4/CA1) 


This line may be programmed as either a simple port C I/O 
line or as a handshake line for port A via the port C function 
select register (FSRI. 
If programmed 
as a port CliO 
pin, 


PC4/CA 1 performs as described in the PCO-PC3 pin descrip- 
tion. 
If programmed 
as a port A handshake line, PC4/CA I 
performs as described in HANDSHAKE 
OPERATION. 


PORT C BIDIRECTIONAL 
I/O LINE OR PORT A 
BIDIRECTIONAL 
HANDSHAKE 
LINE (PCS/CA2) 


This line may be programmed as either a simple port C I/O 
line or as a handshake line for port A via the port C function 
select register (FSRI. 
If programmed 
as a port C I/O pin, 


PC51 CA2 performs as described in the PCO-PC3 pin descrip- 
tion. If programmed 
as a port A handshake line, PC5/CA2 
performs as described in HANDSHAKE 
OPERATION. 


PORT C BIDIRECTIONAL 
I/O LINE OR PORT B INPUT 
HANDSHAKE 
LINE (PC6/CB1) 


This line may be programmed as either a simple port CliO 


line or as a handshake line for port B via the port C function 
select register (FSRI. 
If programmed 
as a port C I/O pin. 


PC6/CBl 
performs as described in the PCO-PC3 pin descrip- 
tion. If programmed 
as a port B handshake line, PC6/CBI 
performs as described in HANDSHAKE 
OPERATION. 


PORT C BIOIRECTIONAll/O 
LINE OR PORT B 
BIDIRECTIONAL 
HANDSHAKE 
LINE (PC7/CB2) 


This line may be programmed as either a simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSRI. 
If programmed 
as a port C I/O line, 
PC7ICB2 performs as described in the PCO-PC3 pin descrip- 
tion. 
If programmed 
as a port B handshake line, PC7/CB2 
performs as described in HANDSHAKE 
OPERATION. 


A summary of the handshake modes is given in the input 
and output 
sections 
that follow. 
All handshake activity 
is 
disabled by reset. 


INPUT 
Handshake lines programmed 
as inputs operate in any of 
four different 
modes as defined by the control registers Isee 
Table 2). A bit in the handshake/interrupt 
status 
register 


(HSR) is set to a logic one on an active transition 
of any 
handshake 
line programmed 
as an input. 
Modes 0 and 1 
define a negative transition as active; modes 2 and 3 define a 
positive transition 
as active. If modes 1 or 3 are selected on 
any input handshake line then the active transition 
of that 
line results in the IROF bit of the HSR being set to a logic one 
and causes the interrupt line IIl1TII to go low. Il1TI is released 
by clearing 
the HSR bits that 
are input 
handshake 
lines 
which 
have interrupts 
enabled. 


If an active transition 
occurs while the associated HSR bit 


is set to a logic one, the corresponding 
bit in the handshake 
warning 
register (HWRI is set to a logic one indicating 
that 


service of at least one active transition was missed. An HWR 
bit is cleared to a logic zero by first accessing the appropriate 
port data register, to clear the appropriate 
HSR status bit, 


followed 
by a read of the HWR. 


Up to four port C pins can be configured 
as handshake 
lines for ports A and B (one input-only 
and one bidirectional 
line for each porll 
via the port 
C function 
select register 
(FSRI. The direction 
of data flow for the two bidirectional 
handshake lines (CA2 and CB2) is determined 
by bits 5 and 


7, respectively, of the port C data direction register lDORCI. 
Actual 
handshake 
operation 
is defined 
by the appropriate 
port control 
register (CRA or CRB). 


The control registers allow each handshake line to be pro- 


grammed 
to operate in one of four modes. 
CA2 and CB2 
each have four input and four output modes. For detailed in- 
formation, 
see Tables 2 and 3. 


Control 
Active 
Status Bit 
Mode 
Register Bits* 
Edge 
In HSR 
iRO Pin 


0 
00 
- Edge 
Set high on 
Disabled 


active 
edge. 


1 
01 
- Edge 
Set high on 
Goes low 
when 
corresponding 
active 
edge. 
status 
flag in HSR goes high. 


2 
10 
+ Edge 
Set high on 
Disabled 
active 
edge. 


3 
11 
+ Edge 
Set high on 
Goes low when 
corresponding 
active 
edge 
status 
flag in HSR goes high. 


Control 
Register 
CRAiB) 
Bits 
Default 
Mode 
3 and 4* 
HandshakeLine Set High 
HandshakeLine ClearedLow 
Level 


0 
00 
Handshake 
set high on active 
Readof P1DA or a read of P2DA 
High 
transition 
of CA 1 input. 
while HSA1 is cleared. 


Handshake 
set high on active 
Write of port B Pl0B 
or write 
transition 
of CB 1 input. 
of P2DBwhile HSB1 is cleared. 


1 
01 
High on the first positive 
Low on the first 
positive 
High 


(negative) 
transition 
of AS 
(negative) 
transition 
on AS 
101- 
while CA2 ICB21is low. 
lowing 
a read (write) 
of port 
AIBI data registers PlDAIBJ or 
P2DAIBI. 


2 
10 
Never 
Always 
low 
3 
11 
Always 
Never 
High 


• 


• 


INPUT LATCH 


Port A input-only handshake line IPC4/CA1) can be pro- 


grammed to function as a latch enable for port A input data 
via CAlLE 
Ibit 2 of CRAI. If CA1 LE is programmed to a 


logic one, an active transition of PC4/ CA1 will latch the cur- 
rent status of the port A input pins into all three port A data 
registers IPDA, P1DA, and P2DAI. When CA1 LE is enabled, 
port A and PC4/CA 1 function as an 8-bit transparent latch; 
:hat is, if the HSA 1 bit in the HSR is a logic zero then a read 
of any port A register reflects the current state of the port A 
input pins and corresponding bits of the output data latch for 
port A output pins. If HSA 1 is a logic one, a read of any port 
A data register reflects the state of the port A input pins 
when HSA 1was set and the corresponding bits of the port A 
output data latch for port A output pins. 


Further transitions of PC4/CA 1 result only in setting the 


HWA 1 bit in the HWR and do not relatch data into the port A 
registers. Latched data is released only by clearing HSA 1 in 
the HSR to a logic zero IHSA1 is cleared by reading P1DAI. 


OUTPUT 


Each bidirectional handshake line programmed as an out- 


put by the DDRC operates in one of four modes as described 
in Table 3. Modes 2 and 3 force the output handshake line to 
reflect the state of bit 4 in the appropriate control register. 


In modes 0 and 1, PC5/CA2 is forced low during the cycle 
following a read of P1DA or a read of P2DA while HSA 1 is 
cleared. PC7/CB2 is forced low during the cycle following a 
write to P1DB or a write to P2DB while HSB1 is cleared. 
Because of these differences, port A is the preferred input 
port and port B is the preferred output port. 
In mode 0, PC5/CA2 (PC7/CB21 is set high by an active 
transition 
of PC4/CA1 
IPC6/CBlI. 
In mode 1, PC5/CA2 


IPC7/CB2) 
is set high in the cycle following 
the cycle in 
which PC5/CA2 (PC7/CB21 goes low. Mode 1 forces a low- 
going pulse on PC5/CA2 (PC7ICB2) following a read Iwritel 
of P1DA IP1DB) or P2DA IP2DBI that is approximately one 
cycle time wide. 
When entering an output 
handshake mode for the first 


time after a reset, the handshake line outputs the default 
level as listed in Table 3. 


The MCl46823 allows an MPU interrupt request liRQ lowl 


via the input handshake lines. The input handshake line, 
operating in modes 1 or 3 as defined by the control registers 


ICRA and CRBI, causes fRli to go low when IRQF linterrupt 
flag) in the HSR is set to a logic one. fRli is released when 
IRQF is cleared. See Handshake/lnterrupt 
Status Register 
under REGISTER DESCRIPTION for additional information. 


The MCl46823 has 15 registers (see Figure 11which define 


the mode of operation 
and status of the port pins. The 


following paragraphs describe these registers. 


Register Names: 


Control Register A ICRAI 
Control Register B ICRB) 


Register Addresses: 


$9ICRAI 
$A ICRB) 


x 
X 
X 
CA2 
CAI 
CAl 


Mode 
LE 
Mode 


CS2 
CSI 
X 
X 
X 
Mode 
X 
Mode 


Purpose: 


These two registers control the handshake and interrupt 
activity for those pins defined as handshake lines by the 
port C function select register (FSRI. 


Description: 


CA2 and CB2 are programmed as inputs or outputs via the 
associated DDRC bits. Each handshake line is controlled 
by two mode bits. Bit 2 of CRA enables the Port A latch 
for an active CA1 transition. Table 2 describes the input 
handshake modes (CAl, 
CB1, CA2, CB2) and Table 3 


describes the output handshake modes for CA2 and CB2. 


Register Names: 


Port A Data Registers IPDA, 
PlDA, 
P2DAI 


Register Addresses: 


S2 IPDAI, 
SOIPlDAI, 
Sl 1f'2DAI 


6 
5 
3 


Bit 7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
o 


Bit 1 I Bit 0 I 


Purpose: 


These three 
registers 
serve different 
purposes. 
PDA is 


used to read input data and latch data written to the port A 
output 
pins. Pl DA and P2DA are used to read input data 
and to affect handshake and status activity 
for PC41 CA 1 


and PC51 CA2. If enabled, port A input data may be latch- 
ed into 
the 
three 
port 
A 
data 
registers 
on an active 


PC41 CA 1 
transition 
as 
described 
in 
HANDSHAKE 
OPERATION, 


Description: 


Data written 
into PDA is latched into the port A output 
latch (see Figure 31 regardless of the state of DDRA. Out- 
put pins, as defined by DDRA, assume the logic levels of 
the corresponding 
bits in the PDA output 
latch. The PDA 


output latch allows the user to read the state of the port A 
output data. If the input latch is not enabled, a read of any 
port A data register reflects the current state of the port A 
input pins as defined 
by DDRA and the contents 
of the 


output 
latch for output 
pins. Writes 
into Pl DA or P2DA 


have no effect 
upon the output 
pins or the output 
data 


latch. Users are recommended 
to initialize the port A out- 


put latch before changing 
any pin to an output 
via the 


DDRA. 


MPU accesses of Pl DA or P2DA are primarily used to af- 
fect handshake and status activity. 
A summary of the ef- 
fects on the status and warning bits of port A data register 
accesses is given in Table 4. For more information, 
see 


HANDSHAKE 
OPERATION and Control Register A (CRA) 
under 
REGISTER 
DESCRIPTION, 
Reset has no effect 


upon the contents 
of any port A data register. 


Register Names: 


Port B Data Registers IPDB, PlDB, 
P2DBI 


Register Addresses: 


S3 (PDBI, SCIP1DBI, SD (P2DBI 


6 
5 
4 


Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 


Purpose: 


These three registers serve different 
purposes. The Port B 
data registers are used to read input data and to latch data 
written to the port B output pins. Writes to PDB and Pl DB 
affect the contents of the output data latch while writes to 
P2DB do not affect the output data latch. Pl DB and P2DB 
accesses additionally 
affect handshake and status activity 


for PC6/CBl 
and PC7/CB2. 


Description: 


Data written into PDB and Pl DB port B registers is latched 
into the port B output latch Isee Figure 31 regardless of the 
state of DDRB. Output pins, as defined by DDRB, assume 
the logic levels of the corresponding 
bits in the port B out- 


put latch. 
Reads of any port B data registers reflect the 
contents 
of the output 
data latch for output 
pins and the 
current state of the input pins las determined 
by DDRBI. 


Users are recommended 
to initialize 
the port 
B output 
latch before changing any pin to an output via the DDRB. 


MPU accesses of Pl DB or P2DB are primarily used to af- 
fect handshake and status activity. 
A summary of the ef- 


fects on status and warning 
register bits of port B data 


register accesses is given in Table 5. For more information, 
see HANDSHAKE 
OPERATION 
or Control 
Register 
B 
(CRB) under REGISTER DESCRIPTION. 
Reset has no ef- 


fect upon the contents 
of any port B data register. 


Register 
Output Latch 


Accessed 
HSR Bit 
HWR Bit 
Handshake 
Reaction 
Read 
Write 
PDA 
None 
None 
None 
Ves 
Yes 
PlDA 
HSA1 cleared 
HWAl loaded 
CA2 goes low 
jf output modes 
Ves 
No 
to a logic 
into buffer 
o or 1 are selected in the eRA. 
zero 
latch 
P2DA 
HSA2 cleared 
HWA2 loaded 
CA2 goes low if output modes 
Ves 
No 
to a logic 
into buffer 
o or 1 are selected in the eRA. 


zero 
latch 


• 


• 


Register 
Output Latch 


Accessed 
HSR Bit 
HWR Bit 
Handshake 
Reaction 
Read 
Write 


POB 
None 
None 
None 
Yes 
Yes 
PlDB 
HSBt cleared 
HWBI loaded 
CB2 goes low if output modes 
Yes 
Yes 


to a logic 
into buffer 
a or 1 are selected 
in the CR B. 


zero. 
latch. 
P20B 
HSB2 cleared 
HWA2 loaded 
CB2 goes low if output modes 
Yes 
No 
to a logic 
into buffer 
o or 1 are selected in CRB. 


zero. 
latch. 


Register Name: 


Port C Data Register IPDCI 


Register Address: 
$4 


7 
6 
5 
4 
I Bit 7 I Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
o 


Bit 1 I Bit 0 I 


Purpose: 


The port C data register IPDCI is used to read input data 
and to latch data written 
to the output 
pins. 


Description: 


Data is written 
into the port C output 
latch Isee Figure 31 
regardless of the state of DDRC. Any port C pin defined as 
a handshake 
line by the port C function 
select register 
(FSRI is not allected 
by PDC. Output pins, as defined by 


DDRC, assume logic levels of the corresponding 
bits in the 
port C output latch. A read of PDC reflects the contents of 
the output 
latch for output 
pins and the current state of 


the input pins (as reflected in the DDRCI. Reset has no ef- 
fect upon the contents 
of PDC. Users are recommended 
to initialize the port C output 
data latch before changing 
any pin to an output 
via the DDRC. 


Register Name: 


Data Direction 
Register for Port A IBI ICI 


Register Address: 


$6 1$71 1$81 


7 
6 


I Bit 7 I Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
o 


Bit 1 I Bit 0 I 


Purpose: 


Each of the three data direction 
registers (DDRA, 
DDRB, 


and DDRCI define the direction 
of data flow of the POrl 
pins for ports A, B, and C. 


Description: 


A logic zero in a DDR bit places the corresponding 
port pin 


in the input mode. A logic one in a DDR bit places the cor- 
responding 
pin in the output 
mode. Any port C pins de- 


fined as 
bidirectional 
handshake lines also use the port C 


DDR IDDRCI. Input-only 
handshake lines are not allected 
by DDRC. Reset clears all DDR bits to logic zero configur- 
ing all port pins as inputs. The DDRs have no write-inhibit 
control 
over the port data output 
latches. 
Data may be 
written 
to the port data registers even though the pins are 
configured 
as inputs. 


Register Name: 


Port C Pin Function 
Select Register (FSRI 


Register Address: 


$B 


7 
6 
5 
4 
3 


I CFB2 I CFBt I CFA21 CFAt I 
xx 


Purpose: 


The port C pin function select register defines whether the 
multifunction 
port C pins are to operate as "normal" 
port 
C lines or as handshake lines. 


Description: 


A logic zero in any FSR bit defines the corresponding 
port 
C pin as a "normal" 
I/O pin. A logic one in any valid FSR 


bit defines the corresponding 
port C pin as a handshake 
line. Pins defined as handshake lines function 
according to 


the contents of control register A (CRAI or control register 
B ICRBI. The port C data direction register (DDRCI is valid 
regardless of FSR contents 
for all pins except PC4/CA t 
and PC6/CB1. 
Transitions 
on port C pins not defined as 


handshake 
pins do not 
ellect 
the 
handshake/interrupt 
status register. 
Reset clears all FSR bits to a logic zero. 


Users are recommended 
to initialize the data direction and 
control registers before modifying 
the FSR. 


Register Name: 


Handshake/Interrupt 
Status Register IHSR) 


Register Address: 
SE 


7 
6 


IIRQF I 
XX 


4 
3 
2 
1 
0 


XX 
I HSB21 
HSA21 
HSBI 
I HSAll 


Purpose: 
The handshake interrupt status register is a read-only flag 
register that may be used during a polling routine to deter- 
mine if any enabled input handshake transition, as defined 
by the control register ICRA and CRBI, has occurred. 


Description: 


If an enabled input handshake transition occurs then the 
appropriate HSR bit IHSB2, HSA2, HSB1, or HSA1J is 
set. The IRQ flag bit Ibit 7, IRQF) is set when one or more 
of 
the 
HSR bits 0-3 and their corresponding 
control 
register bits are set to a logic one as shown in the follow- 
ing equation: 


The numbers in ( ) indicate which 
bit in the control 
register enables the interrupt. 


Handshake/interrupt 
status register bits are cleared by 


accessing the appropriate port data register. The following 
table lists the HSR bit and the port data register that must 
be accessed to clear the bit. 


To Clear 
HSR Bit 
HSB2 
HSA2 
HSBI 
HSAI 


Access 
Register 
P2DB 
P2DA 


........ 
PIDB 
P1DA 


Reset clears all handshake/interrupt 
status register bits to 
a logic zero. 


Register Name: 
Handshake Warning Register (HWRI 


Register Address: 


SF 


43210 


XX 
IHWB21HWA21HWB11HWAli 


Purpose: 


The warning register is a read-only flag register that may 
be used to determine if a second attempt to set a hand- 
shakelinterrupt 
status register bit has been made before 
the original had been serviced. 


Description: 
Each bit in the handshake/interrupt 
status register, except 


IRQF, has a corresponding bit in the handshake warning 
register. If an attempt is made to set a bit in the hand- 
shake/interrupt 
status register that is already set, then the 
corresponding bit in the handshake warning register is also 
set. An attempt is the occurrence of any enabled input 
handshake transition as defined by the control registers. 


A handshake warning register bit is cleared by first reading 
the appropriate data register then reading the handshake 
warning register. Reading the data register leither P1DA, 
P2DA, P1DB, or P2DB) loads a buffer latch with the pro- 
per bit in the handshake warning register (HWA 1, HWA2, 
HWB 1, and HWB2, respectively). The next read of the 
handshake warning 
register clears the appropriate 
bit 
without 
affecting 
the other 
three 
handshake warning 
register bits. The upper four bits, HWR4-HWR7, always 
read as logic zeros. If a port data register is not read before 
reading the handshake warning register, then the hand- 
shake warning register bits will remain unaffected. 
Reset 


clears all HWR bits to a logic zero. 


Read status 
register 
IUser determines which 
if any 
enabled 
handshake 
transition 


occurred) 


IClears associated status bit and 
latches 
appropriate 
warning 


register bit in the buffer latch) 


ILatched warning bit is cleared 
and the remaining bits are unaf- 
fectedl 


2. Read/write port 
data indicated by 
status register 


3. Read warning 
register 


• 


• 


The MCl46823 is best suited for use with microprocessors 
which 
generate 
an 
address-then-data-multiplexed 
bus. 


Figure 4 shows the MCl46823 in a typical CMOS system that 


uses 
the 
MCl46805E2 
CMOS 
MPU. 
Other 
multiplexed 
microprocessors 
can be used as easily. 


A single-chip 
microcomputer 
{MCUI 
may be interfaced 
with 11 port lines as shown in Figure 5. This interface also re- 
Quires some software 
overhead to gain up to 13 additional 


I/O lines and the MC146823 handshake lines. 
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® MOTOROLA 


The MCl468705F2 Microcomputer 
Unit IMCU) is an EPROM member 
of the M6805 Family of low-cost single-chip microcomputers. 
The user 
programmable 
EPROM allows program changes and lower volume ap- 
plications 
in comparison 
to the factory mask programmable 
versions. 
The EPROM versions also reduce the development 
costs and turn- 
around time for prototype 
evaluation of mask ROM versions. This 8-bit 
microcomputer 
contains a CPU, on-chip oscillator, 
EPROM, bootstrap 
ROM, RAM, 
1/0, 
and a TIMER. 


The MCl468705F2 is a low-power 
processor designed for low-end to 
mid-range 
applications 
in the consumer, 
automotive, 
industrial, 
and 
communications 
markets 
where 
very low-power 
consumption 
con- 
stitutes an important 
factor. 


HARDWARE 
FEATURES 


• 
low 
Power Wait Mode 
• 
Typical Stop Mode Power of 25 I'W 


• 
8-Bit Architecture 


• 
Fully Static Operation 
• 
Single 3- to 5.5-Volt Supply 


• 
1000 Bytes of On-Chip User EPROM 


• 
64 Bytes of On-Chip RAM 


• 
Memory Mapped 1/0 


• 
16 Bidirectional 
1/0 
Lines 


• 
Four Input-Only 
Lines 


• 
Internal 8-Bit Timer with Software 
Programmable 7-Bit Prescaler 


• 
External Timer Input 


• 
External and Timer Interrupts 


• 
Bootstrap 
Program in ROM Simplifies EPROM Programming 


• 
Master Reset and Power-On Reset 


• 
On-Chip Oscillator 


• 
1 I'S Cycle Time 
• 
28-Pin Dual-In-Line 
Package 


SOFTWARE 
FEATURES 


• 
Similar to M6800 Family 
• 
Efficient Use of Program Space 


• 
Versatile Interrupt 
Handling 


• 
True Bit Manipulation 


• 
10 Addressing 
Modes with Indexed Addressing for Tables 


• 
Efficient Instruction 
Set 


• 
Memory mapped 1/0 
• 
Two Power Sav.ing Standby Modes 


USER PROGRAMMABLE 
OPTIONS 


• 
Crystal or low-Cost 
Resistor Oscillator Option 


• 
Oscillator Internally Divided by Two or Four 


• 
Interrupts 
Edge Sensitive Only or level and Edge Sensitive 


CMOS 
(HIGH-PERFORMANCE 
SiliCON-GATE) 


8-BIT EPROM 
MICROCOMPUTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
719 
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• 
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the reverse order 


® MOTOROLA 


The MCl468705G2 
Microcomputer 
Unit IMCU) is an EPROM mem- 
ber of the MCl46805 
CMOS Family of Microcomputers. 
The user pro- 


grammable EPROM allows program changes and lower volume applica- 
tions in comparison 
to the factory 
mask programmable 
versions. The 


EPROM versions also reduce the development 
costs and turnaround 
time for prototype 
evaluation 
of the mask ROM versions. 
This 8-bit 


microcomputer 
contains on-chip 
oscillator, 
CPU, RAM, EPROM, self- 
programming 
bootstrap 
ROM, 1/0, and TIMER. 


In addition 
to power 
saving STOP and WAIT 
modes, 
fully static 


design allows operation at frequencies down to dc, further reducing its 
already low power consumption. 
It is a low-power 
processor designed 


for low-end to mid-range applications 
in the consumer, automotive, 
in- 


dustrial, and communications 
markets where very low power consump- 
tion constitutes 
an important 
factor. 


The following 
are the major features of the MCl468705G2 
EPROM 
MCU. 


HARDWARE 
FEATURES 


• 
Typical Full Speed Operating 
Power of 20 mW at 5 V 


• 
Typical WAIT 
Mode Power of 5 mW 


• 
Typical STOP Mode Power of 5 /"W 
• 
Fully Static Operation 


• 
112 Bytes of On-Chip RAM 


• 
2106 Bytes of UV Erasable, User Programmable 
ROM (EPROM) 


• 
32 Bidirectional 
1/0 Lines 


• 
High Current Drive 


• 
Internal8-Bit 
Timer with Software 
Programmable 7-Bit Prescaler 


• 
External Timer Input 


• 
External and Timer Interrupts 


• 
Master Reset and Power-On 
Reset 


• 
Single 3 to 55 V Supply 


• 
On-Chip Oscillator with 
RC or Crystal Options Selected by EPROM 
Mask Option Register 


• 
Plug-In Compatible with the MCl46805G2 


• 
Self-Programming 
Bootstrap 
Program in ROM Simplifies EPROM 


Programming 


SOFnNAREFEATURES 


• 
Similar to the MC6800 


• 
Efficient Use of Program Space 


• 
Versatile Interrupt 
Handling 


• 
True Bit Manipulation 


• 
Addressing 
Modes with Indexed Addressing 
for Tables 


• 
Efficient 
Instruction 
Set 


• 
Memory Mapped 1/0 


• 
Two Power Saving Standby 
Modes; WAIT and STOP 


• 
Fully Compatible with M146805 CMOS Family Microcomputers 


CMOS 


(HIGH-PERFORMANCE 
SILICON-GATE) 


8--BIT EPROM 
MICROCOMPUTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715 


PIN ASSIGNMENT 


RESET 
VOO 


fRO 
OSCI 


Vpp 
OSC2 


PA7 
TIMER 


PA6 
36 
P07 


PA5 
35 
PD6 


PA4 
34 
P05 


PA3 
33 
PD4 


PA2 
32 
P03 


PAl 
10 
P02 


PAO 
POI 


PBO 
PDQ 


PB1 
2B 
peo 


PB2 
27 
PCl 


PB3 
26 
PC2 


PB4 
25 
PC3 


PB5 
24 
PC4 


PB6 
23 
PC5 


PB7 
22 
PC6 


VSS 
21 
PC7 


• 


Accumulator 
PCO 
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8 
A 
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CPU 
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Port 
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C 
A 
Data 
Index 
Control 
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C 
PC3 
1/0 
Dor 
Register 
1/0 


Lines 
Reg 
8 
X 
Reg 
Reg 
PC4 
Lmes 
Condition 
PC5 
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PC6 
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CPU 
Stack 


6 
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S 
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Program 
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Data 
Counter 
Data 
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PD2 
D 
B 
Dor 
HIgh 
PCH 
Dor 
D 
PD3 


1/0 
5 
AlU 
1/0 


Reg 
Program 
Reg 
Reg 
P04 
Lines 
lines 
P05 
Counter 
8 
low 
PCl 
PD6 
P07 


R.tings 
Symbol 
V.lue 
Unit 


Supply 
Voltage 
VOD 
-0.3 
to +5.5 
V 


Input 
Voltage 
Vin 
VSS 
0.3 to VOO + 0.3 
V 


EPROM 
Programming 
Voltage 
IVpp 
Pin! 
Vin 
0.3 to 
13.5 
V 


Current Drain Per Pin 


Excluding 
VDD, 
VSS, 
and Vpp 
I 
10 
mA 
Vpp 
-30 
mA 


Operating Temperature 
Range 
TA 
o to 70 
·C 


Storage Temperature 
Range 
Tsta 
-55 
to + 150 
·C 


Current 
Drain Total 
I PD4-PD7 
Only! 
IOH 
40 
mA 


THERMAL CHARACTERISTICS 


Characteristics 


This device contains 
circuitry 
to protect 
the 
inputs against 
damage 
due to high 
static voltages of electric fields; however, 
it is advised that normal 
precautions 
be 


taken to avoid application 
of any voltage 


higher than 
maximum 
rated voltages 
to 
this high impedance 
circuit. 
For proper 


operation it is recommended 
that Vin and 
Vout 
be 
constrained 
to 
the 
range 


VSS:sIVin 
or Vout!:SVOO. 
Reliability 
of 
operation 
is enhanced 
if unused 
inputs 
except OSC2 
and Vpp 
are connected 
to 
an appropriate 
logic voltage 
level le.g., 


either 
VSS 
or VOD!. 
Be sure 
that 
the 
EPROM 
window 
is Shielded 
from 
light 
with an opaque cover at all times except 


when erasing. 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
IVpp 
Pinl IFigure201 
Vpp 
- 
13.5 
V 


Vpp 
Supply 
Current 


Vpp- 
13.5 V 
Ipp 
- 
30 
- 
mA 


Programming 
Oscillator Frequency 
foscp 
- 
- 
1.0 
MHz 


Bootstrap Programming 
Mode Voltage 


IIRQ Pinl lin~ 
100 ~A Max 
VIRQP 
- 
-120 
- 
V 


TIMER 
Pin Programming 
Mode 
Voltage 
VTIMP 
VDD 
- 
VDD 
V 


Characteristic 
Symbol 
Min 
Max 
Unit 


Output 
Voltage, 
ILoad '" 10.0 ~A 
VOL 
- 
0.1 
V 


VOH 
VDD-O.l 
- 


Output 
High Voltage 
IILoad~ 
- 100 ~AI 
PBO-PB7, 
PCO-PC? 
IILoad= 
- 2 mAl 
PAO-PA7, 
PDO-PD3 
VOH 
2.4 
- 
V 


II Load = - B mAl 
PD4-PD7 


Output 
Low Voltage 


II Load = BOO~AI 
PAO-PA7, 
PBO-PB7, 
peO-PC7, 
PDO-PD7 
VOL 
- 
0.4 
V 


Input 
High Voltage 


PAO-PA7, 
PBO-PB7, 
PCO-PC7, PDO-PD7 
VDD-2.0 
VDD 
RESET, iRQ, TIMER, 
OSC1 
VIH 
VDD-O.B 
VDD 
V 


Input 
Low Voltage 
All Inputs 
lexcept 
Vppi 
VIL 
VSS 
08 
V 


Input Low Voltage 
Vpp (norm~1 oper. model 
VIL 
VSS 
VSS 
V 


Total 
Supply 
Current 
ICL - 50 pF on Ports, 
no de Loads, 
tcyc- 
1 ~sl 


RUN IVIL ~0.2 
V, VIH = VDD- 
0.2 VI 
- 
10 
mA 


WAIT 
ISee Note 
11 
IDD 
- 
5 
mA 


STOP ISee Note 
11 
- 
250 
~A 


I/O 
Ports Input 
Leakage 
PAO-PA7, 
PBO-PB7, 
PCO-PC?, PDO-PD7 
IlL 
- 
±1O 
~A 


Input 
Current 
RESET, 
IRQ, TIMER, 
OSCl 
lin 
- 
±1 
~A 


Capacitance 


Ports 
Cout 
- 
12 
pF 


RESET, 
IRQ, TIMER, 
OSCl 
Cin 
- 
8 
pF 


NOTES' 


1. Test conditions for 100 are as follows· 
All ports programmed 
as inputs 
VIL = 0.2 V IPAO-PA7, 
PBO-PB7, 
PCO-PC?, PDO-PD71 
VIH~VDD 
-0.2 
V for RESET, 
IRQ, and TIMER 
OSCl 
input is a squarewave 
from 0.2 V to VOO 
-0.2 
V 
OSC2 output 
load ~ 20 pF IWAIT 
IDD is affected 
linearly 
by the OSC2 capacitancel 
Vpp is pin 3 on the MC1468705G2 
and is connected 
to VSS 
in the normal operating 
mode. 


Characteristic 
Symbol 
Min 
Max 
Unit 


Crystal Oscillator Startup Time (See Figure 51 
toxOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) (See Figure 6l 
tlLCH 
- 
100 
ms 


Timer Pulse Width 
(See Figure 4) 
tTH, 
tTL 
500 
- 
tcyc 


Rt5tT 
Pulse Width 
ISee Figure 51 
tRL 
1.5 
- 
tcyc 


Timer Period (See Figure 4) 
tTLTL 
1000 
- 
ns 


Interrupt 
Pulse Width 
Low (See Figure 141 
t,LlH 
1.0 
-- 
tcyc 


Interrupt 
Pulse Period (See Figure 14) 
tlLlL 
. 
- 
tcyc 


OSCl 
Pulse Width 
Iwith 
External Clockl 
tOH, 
tOL 
125 
- 
ns 


Cycle Time 
tcyc 
1000 
- 
ns 


Frequency of Operation 


Crystal 
I -;- 4 optionl 
fosc 
- 
4.0 
MHz 


External 
Clock 
I -;- 4 optionl 
de 
4.0 
MHz 
Crystal 
I -;- 2 optlonl 
fosc 
- 
20 
MHz 


External Clock ( + 2 option) 
de 
2.0 
MHz 


II 


• 


Port 
Rl 
R2 


Band 
C 
243 
kG 
4.32 kG 


A, PDO-PD3 
1.21 
kG 
3.1 kG 


PD4-PD7 
300G 
1.64 kG 


ILoad- 


R1 


(See 
Tablel 


(Timer) 
Pin 37 


R2 
(See 
Tablel 


Internal 
Address 


Bus· 


Internal 
Data 
Bus· 


I 
I%----------------------- 


1 
I 
~ 
mmzzmozmoo7Z17//// 


ItDXOV: 
1920leye 
I 
I" 
--t" 
.: 
I 
I 
I 
J 
I 
I 
i 
teye I 


.p2* 
iLJ 


• 


• 


O:""-~IIIZIIIIIII 
~III 


I Edge·· 
teye 


Sensitive 


Only) 


IRQ 
or 
RESET 


</>2" 


.• Internal timing signals not available externally . 


.• .• Represents the internal gating of the OSC1 input pin. 


Voo 
and VSS 


Power is supplied to the MCU using these two pins. VOO 
is power and VSS is ground. 


IRQ (MASKABLE 
INTERRUPT REQUEST) 


IRQ is a programmable 
option 
which 
provides 
two 
dif- 


ferent choices of interrupt 
triggering 
sensitivity. 
These op- 


tions are: (1) negative edge-sensitive 
triggering 
only, or (2) 
both negative-edge sensitive and level-sensitive triggering. 
In 
the latter case, either type of input to the IRQ pin will pro- 
duce the interrupt. 
The MCU completes the current instruc- 


tion before it responds to the interrupt 
request. When the 


IRQ pin goes low for at least one tcyc, a logic one is latched 
internally to signify an interrupt 
has been requested. When 
the 
MCU 
completes 
its current 
instruction, 
the interrupt 
latch is tested. If the interrupt 
latch contains a logic one, and 
the interrupt 
mask bit II bit) in the condition 
code register is 
clear, the MCU then begins the interrupt 
sequence. 


If the option 
is selected to include level-sensitive 
trigger- 
ing, then the IRQ input requires an external resistor to VDD 
for "wire-OR" 
operation. 
See INTERRUPTS for more detail. 


This pin also detects a negative voltage that is used to initiate 
the bootstrap 
mode program. 


RESET 


The RESET input is not required for startup 
but can be 
used to reset the MCU internal state and provide an orderly 
software 
startup procedure. 
Refer to RESETS for a detailed 
description. 


TIMER 


The TIMER input may be used as an external clock for the 
on-chip 
timer. This pin is connected 
to VDD for the boot- 


strap 
mode 
(EPROM 
programming!. 
Refer to TIMER 
for 
additional 
information 
about the timer circuitry. 


Vpp 


The Vpp pin is used when programming 
the EPROM. By 


applying the negative programming 
voltage to this pin, one 
of the requirements 
is met for programming 
the EPROM. 


Refer to PROGRAMMING 
FIRMWARE 
and the PROGRAM- 


MING 
OPERATION 
ELECTRICAL 
CHARACTERISTICS 
table. 


NOTE 


In normal operation, 
this pin is connected 
directly 
to 
VSS. 


OSC1,OSC2 


The MC1468705G2 can be configured 
to accept either a 
crystal input or an RC network to control the internal oscilla- 
tor. Additionally, 
the internal clocks can be derived by either 
a divide-by-two 
or divide-by-four 
of the internal oscillator fre- 


quency Ifosc!. 
Both of these options are programmable 
via 
the mask option 
register IMORI 
in the EPROM array. The 
programmable 
options 
provided 
via 
the 
MOR 
in 
the 


MCl468705G2 
are mask options 
in the MCl46805G2. 


RC - 
If the RC oscillator option is selected, then a resistor 


is connected 
to the oscillator 
pins as shown in Figure 71d!. 


The relationship 
between 
Rand 
fosc is shown in Figure 8. 


CRYSTAL 
- 
The circuit shown in Figure 71bl is recom- 


mended 
when 
using 
a crystal. 
The 
internal 
oscillator 
is 
designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency 
range specified for fosc in 
Table 1 Control Timing. Using an external CMOS oscillator is 
recommended when crystals outside the specified ranges are 
to be used. The crystal and components 
should be mounted 
as close as possible to the input 
pins to minimize 
output 
distortion 
and startup stabilization 
time. Refer to Table 1 for 
VDD specifications. 


1 MHz 
4 MHz 
Units 


RS IMax} 
400 
75 
0 


CoIMax} 
5 
7 
pF 


C 
0.008 
0.012 
~F 


COSCI 
15-40 
15-30 
pF 


COSC2 
15-30 
15-25 
pF 


Rp IMinl 
10 
10 
MO 


Q 
30 
40 
K 


M C1468705G2 


OSC1 
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• 


EXTERNAL 
CLOCK 
- 
An external clock should 
be ap- 
plied to the OSCl input with the OSC2 input not connected, 
as shown 
in Figure 71e!. An external clock should be used 
with the crystal oscillator 
option and its pulse width should 
be the tOH, tOL specification. 
The toxov 
or tlLCH specifi- 
cations do not apply when using an external clock input. 


POO-PD7 


These eight lines comprise Port O. PD4-P07 also are cap- 
able of driving LEOs directly. The state of any pin is software 
programmable. 
Refer to 
PROGRAMMING 
for 
a detailed 
description 
of I/O programming. 


PA(}-PA7 


These eight I/O lines comprise Port A. The state of any pin 
is software 
programmable. 
Refer to PROGRAMMING 
for a 
detailed description 
of I/O programming. 
INPUT/OUTPUT 
PROGRAMMING 


Any port pin may be software 
programmed 
as an input or 
output 
by the state of the corresponding 
bit in the port data 
direction 
register 100RI. 
A pin is configured 
as an output 
if 
its corresponding 
OOR bit is set to a logic one. A pin is con- 


figured as an input if its corresponding 
OOR bit is cleared to 
a logic zero. At reset, all OORs are cleared, which configures 
all port pins as inputs. A port pin configured 
as an output will 
output 
the data in the corresponding 
bit of its port data 
latch 
Refer to Figure 9 and Table 2. 


PB(}-PB7 


These eight lines comprise Port B. The state of any pin is 
software 
programmable. 
Refer to 
PROGRAMMING 
for a 
detailed description 
of I/O programming. 


PC(}-PC7 


These eight lines comprise Port C. The state of any pin is 
software 
programmable. 
Refer to 
PROGRAMMING 
for a 
detailed description 
of I/O programming. 


Internal 
MCl468705G2 


Connections 


Typical Port 
Data Direction 


Register 


R/W* 
OOR 
110 Pin Function 
0 
0 
The I/O 
pin is in input mode. 
Data is written 
into the output data latch. 


0 
1 
Data is written 
into the output data latch and output to the 110 pin. 


1 
0 
The state of the 110 pin is read. 
, 
1 
The I/O 
pin is in an output 
mode. The output data latch is read. 


EPROM PROGRAMMING 


When 
programming 
the 
EPROM 
array 
within 
the 
MCl468705G2, 
ports are used in a special arrangement. 
See 
PROGRAMMING 
FIRMWARE 
and Figure 20 for a detailed 
description. 


$1FFF. The MCU uses 10 of the lowest 16 memory locations 
for program control and 1/0 features such as data ports, the 
port 
DDRs, 
and the 
timer. 
The 
mask option 
register 
at 
memory location $1FF5 completes the total. The 112 bytes of 
user RAM include up to 64 bytes for the stack. Except for the 
MOR, the memory mapping 
is similar to the MCl46805G2; 
however, the MCl468705G2 
has no self-check ROM because 
of the bootstrap 
ROM requirement. 
The stack area is used during the processing of interrupt 
and subroutine 
calls to save the processor state. The con- 
tents of the CPU registers are pushed onto the stack in the 
order 
shown 
in 
Figure 
12. 
Since 
the 
stack 
pointer 
decrements during pushes, the low order byte IPCL! of the 
program counter 
is stacked first; then the higher order five 
bits 
IPCH) are stacked. 
This 
ensures 
that 
the 
program 
counter 
is loaded correctly 
as the stack pointer increments 
when it pulls data from the stack. A subroutine 
call causes 
only the program counter IPCL, PCH) contents to be pushed 
onto the stack; the remaining CPU registers are not pushed. 


As shown in Figure 10, the MCU is capable of addressing 
8192 bytes of memory 
and 1/0 
registers with 
its program 
counter. 
The MCl468705G2 
MCU 
has implemented 
2469 
bytes of these locations. 
This consists of: 2106 bytes of user 
EPROM, 240 bytes of bootstrap 
ROM, 
112 bytes of user 
RAM, an EPROM mask option register (MaR), 
eight bytes of 
1/0, 
and two timer registers. The user EPROM is located in 
two areas. The main EPROM area is in memory 
locations 
$ססoo to $08AF. The second area is reserved for ten inter- 
ruptlreset 
vector bytes at memory locations $1FF6 through 


110 Ports 
$ססoo 
0 
Port A Data Register 


Timer RAM 
$007F 
1 
Port B Data 
Register 


128 Bytes 
$0080 
2 
Port C Data Register 
Page0 User EPROM 
$ooFF 
3 
Port 0 Data Register 


$0100 
4 
Port A Data 
Direction 
Register 
1368Bytes 
\ 
5 
Port 8 Data 
Direction 
Register 
User EPROM 
$OBAF 
6 
Port C Data 
Direction 
Register 
$OSBO 
7 
Port 0 Data 
Direction 
Register 


8 
Timer 
Data 
Register 


9 
Timer 
Control 
Register 
5712Bytes 
10 
ROM Unused 
6 Bytes 
Unused 


15 
$tEFF 
16 
240 Bytes 
$IFoo 


Bootstrap ROM 
$lFEF 
RAM 


5 Bytes 
$IFFO 
1112Bytes) 


Unused 
63 - 
;; 
$1FF4 
64 
Mask Option 
Register 
$IFF5 
"" 


"" 
Timer Interrupt Wait State Only 
$IFF6-$IFF7 
"" 


Timer 
Interrupt 
$IFF8-$tFF9 
"" 


"" 
External Interrupt 
$IFFA-$IFFB 


"" 
"" 
Stack 164bytes Max) 


SWI 
$1FFC-$1FFD 
"" 


"" 
+ 
Reset 
$IFFE-$IFFFI27 '" 


$ססoo 


$0001 


$0002 


$0003 


$0004 


$0005 


$0006 


$0007 


$0006 


$0009 
$oooA 


II 


II 


PROGRAM COUNTER (PCI 


The program counter is a 13-bit register that contains the 
address of the next instruction 
to be executed 
by the pro- 


cessor. 


The MC1468705G2 contains five registers, as shown in the 


programming 
model of 
Figure 
11. The interrupt 
stacking 
order is shown in Figure 12. 


ACCUMULATOR 
(AI 


The accumulator 
is an 8-bit general purpose register used 
to hold operands, results of the arithmetic 
calculations, 
and 
data manipulations. 


STACK POINTER (SP) 


The 
stack 
pointer 
is a 
13-bit 
register 
containing 
the 
address of the next free location on the stack. When access- 
ing memory, the seven most significant 
bits are permanently 


configured 
to o00ooo1. These seven bits are appended to the 
six least significant 
register bits to produce an address within 


thl 
range of $OO7Fto $0040. The stack area of RAM is used 


to 
store 
the 
return 
address 
on subroutine 
calls and 
the 
machine state during interrupts. 
During external or power-on 
reset, and during a reset stack pointer (RSP) instruction, 
the 
stack pointer is set to its upper limit ($OO7FI.Nested interrupt 
and/or 
subroutines 
may use up to 64 (decimall 
locations, 


beyond which the stack pointer wraps around and points to 


INDEX REGISTER (Xl 


The X register is an 8-bit register which is used during the 
indexed 
modes 
of addressing. 
It provides 
an B-bit value 
which 
is used to create 
an effective 
address. 
The index 


register is also used for data manipulations 
with 
the read- 


modify-write 
type of instructions 
and as a temporary storage 
register when not performing 
addressing operations. 


7 
0 


I 
A 
I 
Accumulator 


7 
0 


I 
X 
I 
Index Register 


12 
0 


PCH' 
PCl 
Program 
Counter 


12 
6 
0 


~ 
SP 
I 
Slack 
POInter 


CC 


~ 


I 
N 
Z 
C 
CondlllOn Code Register 


Carryl Borrow 


Zero 


Negallve 


Interrupt 
Mask 


Half Carry 


o 
Stack 


I 


NuT: 1 


Decreasing 
Memory 


Addresses 


P 
T 


Condition 
Code Register 


Accumulator 


IncreaSing 
Memory 1; 
Addresses 
U 
R 
0 
N 


NOTE: 
Since the Stack 
Pointer 
decrements 
during 
pushes. 
the pel is 


stacked first, followed 
by PCH, etc. Pulling from the stack is in 
the reverse order. 


its upper limit; thereby, losing the previously stored informa- 
tion. 
A subroutine 
call occupies 
two 
RAM 
bytes 
on the 
stack, while an interrupt 
uses five RAM bytes. 


CONDITION 
CODE REGISTER (CC) 


The condition 
code register is a &-bit register which 
indi- 
cates the results of the instruction 
just executed. These bits 
can be individually 
tested by a program and specified action 


taken as a result of their state. Each bit is explained in the 
following 
paragraphs. 


HALF CARRY BITS (H) - 
The H bit is set to a one when a 
carry occurs between bits 3 and 4 of the ALU and during an 
ADD or ADC instruction. 
The H bit is useful in binary coded 
decimal subroutines. 


INTERRUPT MASK 
BIT (I) - 
When the I bit is set. both 
the external 
interrupt 
and the timer interrupt 
are disabled. 


Clearing this bit enables the above interrupts. 
If an interrupt 
occurs while the I bit is set, the interrupt 
is latched and is 
processed after the I bit is next cleared. 


NEGATIVE 
IN) 
- 
When 
set. this bit indicates 
that the 
result of the last arithmetic, 
logical, or data manipulation 
is 
negative (bit 7 in the result is a logic one!. 


ZERO (ZI - 
When set, this bit indicates that the result of 
the last arithmetic, 
logical, or data manipulation 
is zero. 


CARRY/BORROW 
(CI - 
Indicates that a carry or borrow 
out of the arithmetic 
logic unit IALUI 
occurred 
during the 
last arithmetic 
operation. 
This bit is also affected 
during bit 
test and branch instructions, 
shifts, and rotates. 


The MC1468705G2 has two 
reset modes: an active low 
external 
reset pin (RESET! and a power-on 
reset function; 


refer to Figure 5. 


RESET 
The RESET input pin is used to reset the MCU to provide 
an orderly 
software 
startup 
procedure. 
When 
using 
the 
external reset mode, the RESET pin must stay low for a mini- 
mum 
of 
one tcyc. 
The 
RESET pin contains 
an internal 


Schmitt 
Trigger 
as part of its input 
to improve 
its noise 


immunity. 


POWER-ON RESET 


The 
power-on 
reset 
occurS 
when 
a positive 
transition 
is 
detected 
on VDD. 
The power-on 
reset is used strictly 
for 
power turn-on 
conditions 
and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down 
reset. The power-on circuitry provides for 


a 1920 tcyc delay from the time that the oscillator becomes 
active. If the external RESET pin is low at the end of the 1920 
tcyc time out, the processor remains in the reset condition 
until RESET goes high. 


Either of the two types of reset conditions 
causes the fol- 


lowing to occur: 


Timer 
control 
register 
interrupt 
request 
bit TCR7 is 
cleared to a logic zero to preclude 
premature 
timer 
interrupts. 


Timer control register interrupt 
mask bit TCR6 is set to 
a logic one to preclude timer interrupt 
processing. 


All data direction register bits are cleared to logic zeros 
to define all ports as input. 


Stack pointer is preset to its upper limit, $OO7F. 


The internal address bus is forced to the reset vector 
($1FFE, $1FFFI. 


Condition 
code register interrupt 
mask bit III is set to a 


logic one to mask any external interrupts. 


STOP and WAIT 
latches are cleared to place MCU in 
normal operation. 
External interrupt 
latch is cleared to ensure no external 
interrupt 
is processed. 


MCU 
operation 
is set up 
per mask option 
register 


(MOR). 
External reset does not affect the MOR. 


All other functions, 
such as other registers lincluding 
I/O 
ports), the timer, etc. are not cleared by the reset conditions. 


The bootstrap 
ROM contains 
a factory 
program 
which 
allows the MCU to present an address and fetch data from 
an external 
device and transfer 
it into 
the MC1468705G2 


EPROM. The bootstrap 
program 
provides: 
timing 
of pro- 


gramming pulses, timing of Vpp input, and verification 
after 
programming. 
See PROGRAMMING 
FIRMWARE. 


The mask option 
register 
is an 8-bit 
user programmed 
IEPROM) register in which three of the bits are used. Bits in 
this 
register are used to select the type of system 
clock 


(crystallRC 
oscillatorl, 
the 
divide-by-four/divide-by-two 
clock 
option 
(bus 
frequency!, 
and 
the 
edge-sensitive 
or 
edge- and level-sensitive triggered interrupt 
recognition. 
The 
MOR is not available on the MC146805G2 ROM-based part. 


Systems 
often 
require that 
normal 
processing 
be inter- 


rupted 
so that some external event may be serviced. 
The 
MC1468705G2 may be interrupted 
by one of three different 


methods: 
either one of two 
maskable hardware 
interrupts 


lexternal input or timed or a nonmaskable software interrupt 
ISWII. 


Interrupts cause the processor registers to be saved on the 
stack and the interrupt 
mask (I bit) set to prevent additional 


interrupts. 
The RTI instruction 
causes the register contents 
to be recovered from the stack followed 
by a return to nor- 


mal processing. 
The stack order is shown in Figure 12. 


Unlike RESET, hardware interrupts 
do not cause the cur- 


rent instruction 
execution 
to be halted, but are considered 


pending until the current instruction 
execution 
is completed. 
When the current 
instruction 
is complete, 
the processor 


checks all pending hardware interrupts and, if an interrupt 
is 


pending and is unmasked, 
proceeds with interrupt 
process- 
ing; otherwise, 
the next instruction 
is fetched and executed. 
Note that masked interrupts 
are latched 
for later interrupt 


servicing. 


If both an external interrupt and a timer interrupt are pend- 


ing at the end of an instruction 
execution, 
the external inter- 


rupt is serviced first. The SWI is executed the same as any 


• 


other instruction. 
Refer to Figure 13 for the interrupt 
and in- 
struction 
processing sequenee. 
Table 3 shows the execution 
priority 
of the RESET, IRQ, 
and timer interrupts, 
and the software 
interrupt, 
SWI. Two 
conditions 
are shown, 
one with the I bit set and the other 
with 
the I bit clear; however, 
in either case RESET has the 


highest priority 
of execution. 
If the I bit is set as per Table 
31al, the second highest priority is assigned to SWI. This is il- 
lustrated in Figure 13 which shows that the IRQ or Timer in- 
terrupts are not executed when the I bit is set and the next 
instruction 
(including 
SWII is fetched. 
If the I bit is clear as 


1-1 
lin CCI 
007F-SP 
O-OORs 
CLRilm Logic 
TCR b7-0 
TCR b6-1 


Load PC 


from 


1FFE/1FFF 


per Table 3Ib), the priorities change in that the next instruc- 
tion (including 
SWII 
is not fetched 
until after the IRQ and 
Timer interrupts 
have been recognized (and serviced!. 
Also, 


when the I bit is clear, if both IRQ and Timer interrupts 
are 
pending, 
the IRQ interrupt 
is always 
serviced 
before 
the 


Timer interrupt. 


NOTE 


The conditions 
for Table 3 assume that, 
except 
for 
RESET, the current instruction 
is completed, 
thus the 
MCU is at an instruction 
boundary. 


Clear 
iRQ 
Request 
Latch 


Load PC From: 
SWI: 1FFCI1FFO 
iRQ: 1FFAI1 FFB 
TIMER: 1FFBI1FF9 
Timer Wait: 1FF6/1FF7 


ExecuteAll 
Instruction 


Cycles 


lal 
I Bit Set 


Interrupt/Instruction 
IltStT 
SWI 


Note: 
IRQ and TIMER 
Interrupts are not executed when the I bit is 
set; therefore. 
they are not shown. 


Interrupt/Instruction 
Priority 
Vector 
Address 


RESET 
1 
$lFFE-$lFFF 
IRQ 
2 
$lFFA-$lFFB 


Timer 
3 
$lFFB-$lFF9 
$lFF6-$lFF7* 


SWI 
4 
$lFFC-$lFFD 


TIMER INTERRUPT 


If the timer interrupt 
mask bit ITCR61 is cleared, then each 
time the timer decrements 
to zero Itransitions 
from $01 to 
$00 to set TCR71 an interrupt 
request is generated. The ac- 
tual processor 
interrupt 
is generated 
only 
if the interrupt 
mask bit lin the condition code register) is cleared. When the 
interrupt 
is recognized, 
the current 
state of the machine is 
pushed onto the stack and the interrupt 
mask bit in the con- 


dition code register is set. This masks further interrupts 
until 
the present one is serviced. The processor now vectors to 
the timer interrupt 
service routine. 
The address for this ser- 
vice routine is specified by the contents of $1FF8 and $1FF9 
unless the processor is in a WAIT 
mode in which 
case the 
contents 
of 
$1FF6 and 
$1FF7 specify 
the 
timer 
service 
routine address. Software 
must be used to clear the timer in- 


terrupt request bit (TCR71. At the end of the timer interrupt 
service routine, 
the software 
normally 
executes an RTI in- 


struction which restores the machine state and starts execut- 
ing the interrupted 
program. 


The actual timer interrupt 
request can be delayed by con- 


trolling TCR6 (interrupt 
mask bitl. If TCR6 is programmed 
to 
a logic one, no interrupt 
is generated even if TCR7 linterrupt 
request bit) is set. Then, TCR6 can be programmed 
lafter a 
specific 
time) to a logic zero to generate the actual timer 
interrupt 
request. 


EXTERNAL INTERRUPT 


If the interrupt 
mask bit of the condition 
code register has 
been cleared and the external interrupt 
pin (iRa) 
has gone 
low, then the external interrupt 
is recognized. The action of 
the external interrupt 
is identical to the timer interrupt 
with 
the exception 
that 
the 
interrupt 
request 
input 
at IRQ is 
latched internally and the service routine address is specified 
by the contents of $1FFA and $1FFB. Either a level-sensitive 
and edge-sensitive 
trigger, 
or an edge-sensitive 
only trigger 
are available as a mask option register (MaRl 
controlled 
pro- 


grammable 
option. 
Figure 14 shows both a functional 
and 
mode 
timing 
diagram 
for 
the 
interrupt 
line. 
The timing 
~am 
shows two different 
treatments of the interrupt 
line 
IIRQI to the processor. The first method shows single pulses 
on the interrupt 
line spaced far enough apart to be serviced. 


The minimum time between pulses is a function 
of the length 
of the interrupt 
service routine. 
Once a pluse occurs, 
the 
next pulse should 
not occur 
until 
the MPU software 
has 
exited the routine (an RTI occurs). This time (tIUL) is obtain- 
ed by adding 20 instruction 
cycles Itcycl 
to the total number 
of cycles it takes to complete 
the service routine 
including 
the RTI instruction; 
refer to Figure 14. The second configura- 
tion shows many interrupt 
lines "wire-ORed" 
to form the in- 
terrupts at the processor. 
Thus, if after servicing one inter- 
rupt the interrupt 
line remains low, then the next interrupt 
is 
recognized. 


NOTE 
The internal interrupt 
latch is cleared in the first part of 
the 
service 
routine; 
therefore, 
one 
land 
only 
one) 
external interrupt 
pulse could be latched during tlUL 
and serviced as soon as the I bit is cleared. 


SOFnNAREINTERRUPT 
The software interrupt 
(SWIl is an executable instruction. 


The action of the software 
interrupt 
instruction 
is similar to 
the hardware interrupts. 
The software 
interrupt 
is executed 
regardless of the state of the interrupt 
mask bit in the condi- 
tion code register. The service routine address is specified by 
the contents 
of memory 
locations 
$1FFC and $1FFD. See 
Figure 13 for interrupt 
and instruction 
processing flowchart. 


STOP 
The STOP instruction 
places the MCl468705G2 
in its low- 
est power consumption 
mode. In the STOP mode the inter- 
nal oscillator is turned off, causing all internal processing and 
the timer to be halted; refer to Figure 15. 


During the STOP mode, timer control register ITCRI bits 6 
and 7 are altered to remove any pending timer interrupt 
re- 


quests and to disable any further timer interrupts. 
The timer 
prescaler is cleared. The I bit in the condition 
code register is 
cleared to enable external interrupts. 
All other registers and 
memory remain unaltered. All input/ output 
lines remain un- 
changed. 


WAIT 


The WAIT 
instruction 
places the MCl468705G2 
in a low 
power consumption 
mode, but the WAIT 
mode consumes 
somewhat 
more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal circuitry 
except for the timer; refer to Figure 16. Thus, all internal pro- 
cessing is halted; however, the timer continues to count nor- 
mally. 
During the WAIT 
mode, the I bit in the condition 
code 
register is cleared to enable interrupts. 
All other 
registers, 


memory, 
and input/output 
lines remain 
in their 
previous 
state. The timer may be enabled to allow a periodic exit from 
the WAIT mode. If an external and a timer interrupt 
occur at 
the same time, the external interrupt 
is serviced first; then, if 
the timer interrupt request is not cleared in the external inter- 
rupt routine, 
the normal timer interrupt 
(not the timer wait 
interrupt! 
is serviced since the MCU is no longer in the WAIT 
mode. 


• 


• 


External 
Interrupt 
Request 


External 
Reset 


External 
Interrupt 
Being Serviced 
lRead of Vectorsl 


IRa~tILIH 
U 


I.. 
tILlL--j 


Edg~Sensitjve 
Trigger 
Condition 


The minimum 
pulse width 
ItlLlHI 
is one 


leye- TheperiodtlLlL shouldnotbeless 
than the number 
of .eye cycles 
it takes 


to execute 
the interrupt 
service routine 
plus 20 .eye cycles. 


IRa IMPUII 
_ 


Level-Sensjtjve 
Trigger 
Condition 


If after servicing 
an interrupt 
the 
'i"R"Li 
re- 


mains low. 
then the next Interrupt 
is 


recognized. 


Normally 
used 
with 
Wire-ORed 


Connection 
IR.a'f:--=tILIH~ 
•. 
Interrupt 
Request 


IMPUI 


Stop Oscillator 
And All Clocks 
lCR 
Bit 7-0 


lCR 
Blt6-1 


Clear I Bit 


Oscillator Active 
Clear I Bit 
Timer Clock Active 
All Other Processor 


Clocks Stop 


Fetch External 
Interrupt, 
Reset, 
or Timer Interrupt 
Vector Ifrom WAil 
Mode Onlyl 


• 


The MC1468705G2 has two 
modes of operation. 
These 
modes are the normal (single-chip) 
mode and the bootstrap 
mode (firmware 
used to program the EPROM!. These two 
modes are entered as described below. 


SINGLE-CHIP 
MODE 


The normal operational 
mode of the part is the single-chip 
mode. The single-chip 
mode will be entered if the following 
condition~e 
satisfied: 
(ll 
the RESET line is brought 
low, 
(2) 
the 
IRQ 
pin 
is within 
its 
normal 
operational 
range 


IVSS - VDD!, and (3) th~in 
is connected to VSS. The 
next rising edge of the RESET pin then causes the part to 
enter the single-chip 
mode. 


BOOTSTRAP 
MODE 


The bootstrap 
mode is entered 
if certain conditions 
are 
met on the TIMER, iRQ,and mET 
pins. A negative voltage 


IVIRQP) must be present on the IRQ pin. This value is latch- 
ed internally 
on the rising edge of the external RESET pin. 


Also VDD should 
be applied to the TIMER pin. The high 
state of the TIMER pin is then latched internally on the rising 
edge of the I1ESET 
pin. Refer to Figure 17. 


The MCU timer contains an 8-bit software 
programmable 


counter (timer data register) with a 7-bit software 
selectable 


prescaler. Figure 18 contains a block diagram of the timer. 
The counter 
may be loaded 
under 
program 
control 
and 
decrements towards zero. When the counter decrements to 
zero, the timer interrupt 
request bit li.e., 
bit 7 of the timer 
control 
register, TCR) is set. Then, if the timer interrupt 
is 


not masked li.e., 
bit 6 of the TCR and the I bit in the condi- 


tion code register are both cleared! the processor receives an 
interrupt. 
After 
completion 
of the current 
instruction, 
the 


processor proceeds to store the appropriate 
registers on the 
stack, and then fetches the timer vector address from loca- 
tions $1FF8 and $1FF9 lor $1FF6 and $1FF7 if in the WAIT 
mode) in order to begin servicing; 
refer to INTERRUPTS. 


2leye 
Setup Time 


Vss 


VDD' 


NOTES: 


1. Presc~ler and time~ data register 18-bit counterl 
are clocked on the faIling edge of the Internal clock or external Input 


2. The timer data register counts down continuously. 


The counter 
continues 
to 
count 
after 
it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit was 
set. The counter 
may be read at any time by the processor 
without 
disturbing 
the count. 
The contents 
of the counter 
become stable prior to the read portion of a cycle, and do not 
change 
during 
the 
read. 
The timer 
interrupt 
request 
bit 
(TCRl) 
remains set until cleared by the software. 
If the timer 
interrupt 
request bit ITCRll 
is cleared before the timer inter- 
rupt is serviced, the interrupt 
is lost. TCRl may also be used 
as a scanned status bit in a non-interrupt 
mode of operation 
(TCR6= 11. 


The prescaler is a l-bit 
divider which is used to extend the 
maximum 
length of the timer. 
Bit 0, bit 1, and bit 2 of the 
TCR are programmed 
to choose the appropriate 
prescaler 
output 
which 
is used as the counter 
input. 
The processor 
cannot write 
into or read from the prescaler; 
however, 
its 
contents 
are cleared to all zeros by the write operation 
into 
TCR when bit 3 of the written 
data equals a logic one. This 
allows for truncation-free 
counting. 


The timer 
input 
can be configured 
for 
three 
different 
operating 
modes plus a disable mode, 
depending 
on the 
value written 
to the TCR4 and TCR5 timer control 
register 
bits. Refer to TIMER CONTROL REGISTER. 


Figure 1B shows a block diagram of the timer subsystem. 


Power-on reset and the STOP instruction 
affect the state of 
the counter. 


TIMER INPUT MODE I 


If TCR4 and TCR5 are both programmed 
to a zero, the in- 
put to the timer is from an internal clock and the TIMER in- 
put pin is disabled. The internal clock mode can be used for 
periodic interrupt 
generation, 
as well as a reference in fre- 


quency and event measurement. 
The internal clock is the in- 
struction 
cycle clock. During a WAIT instruction, 
the internal 
clock to the timer continues 
to run at its normal rate. 


TIMER INPUT MODE 2 


With 
TCR4= 1 and TCR5= 0, the internal clock and the 
TIMER input pin are ANDed to form the timer input signal. 
This mode can be used to measure external 
pul¥ 
widths. 
The external timer input pulse simply turns on the internal 
clock through for the duration of the pulse. The resolution of 
the count 
in this mode is plus or minus one clock cycle; 
therefore, accuracy improves with longer input pulse widths. 


TIMER INPUT MODE 3 


If TCR4= 0 and TCR5= 1, then all inputs to the timer are 
disabled. 


TIMER INPUT MODE 4 


If TCR4= 1 and TCR5= 1, the internal clock input to the 
timer is disabled and the TIMER input pin becomes the input 
to the timer. The timer can, in this mode, be used to count 
external events as well as external frequencies for generating 
periodic 
interrupts. 
The counter 
is clocked 
on the falling 
edge of the external signal. 


TCR7 - 
Timer interrupt 
request bit: bit used to indicate 
the timer interrupt 
when it is logic one. 
1- Set whenever 
the 
counter 
decrements 
to 
zero, 
or 
under program control. 


0- Cleared on external 
reset, power-on 
reset, STOP in- 
struction, 
or program control. 


TCR6 - 
Timer interrupt 
mask bit: when this bit is a logic 
one it inhibits the timer interrupt 
to the processor. 


1-Set on external reset, power-on 
reset, STOP instruc- 
tion, or program control. 


0- Cleared under program control. 


TCR5 - 
External or internal 
bit: selects the input clock 
source to be either the external 
TIMER pin or the internal 
clock. (Unaffected 
by reset.) 
1- Select external clock source. 
0- Select internal clock source (period = tcycl. 


TCR4 - 
External enable bit: control bit used to enable the 
external TIMER pin. (Unaffected 
by reset.) 
1-Enable external TIMER pin. 
0- Disable external TIMER pin. 


TCR5 
TCR4 
W 


oInternal clock to timer 


OlAND 
of internal clock and TIMER pin 


to tImer 


1 
0 
Inputs to timer disabled 


1 
1 
TIMER pin to timer 


TCR3 - 
Timer prescaler reset bit: writing a one to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates a zero. (Unaffected 
by reset.1 


TCR2, TCRI, 
TCRO - 
Prescaler select bits: decoded to 
select one of eight outputs 
of the prescaler. (Unaffected 
by 
reset.) 


TCR2 
TCRI 
TCRO 
Result 
0 
0 
0 
+ 1 


0 
0 
1 
+2 


0 
1 
0 
+4 


0 
1 
1 
-B 


1 
0 
0 
~16 


1 
0 
1 
-32 


1 
1 
0 
-64 


1 
1 
1 
-128 


• 


• 


The MC1468705G2 oscillator and interrupt options are im- 


plemented as an EPROM byte at address $1FF5 and are 
EPROM programmable. 
Selection of these programmable 


options is discussed below. 


A discussion of the function of each bit is as follows. 


B7,CLK- 
Determines the Clock Oscillator 
0- 
Crystal Oscillator. 


1- RC Oscillator. 


B6,DIV- 
Determines Division of Clock Oscillator 
0- 
Divide-by-4 Oscillator Clock. 
1- Divide-by-2 Oscillator Clock. 


B4,INT - Determines type of Interrupt Trigger Input 
0- 
Edge-Sensitive Triggered only. 
1- Edge-Sensitive or Level-Sensitive Triggered. 


NOTE 


Bits 0, 1, 2, 3, and 5 in the MOR must be programmed 
to zero. 


The EPROM in the erased state will read all zeros. While in 
the bootstrap mode, the MC1468705G2 will operate under 
crystal oscillator and divide-by-4 options regardless of how 
the MOR is actually programmed; 
however, the interrupt 
trigger input will remain as programmed in the MOR. When 
the MC1468705G2 is in the single-chip mode and completes 
a power-on reset, the MCU operation is set up per the mask 
option register (MORL The state of the Vpp pin does not af- 
fect the MOR controlled options. 


The MCl468705G2 EPROM can be erased by exposure to 


high-intensity 
ultraviolet 
IUVI light with 
a wavelength 
of 
2537 angstroms. The recommended integrated dose IUV in- 
tensity x exposure timel is 15Wsl cm2. The lamps should be 
used without shortwave filters and the MC1468705G2should 
be positioned about one inch from the UV tubes. Ultraviolet 
erasure clears all bits of the MC1468705G2 EPROM to the 
zero state. Data is then entered by programming ones into 
the desired bit locations. 


CAUTION 
Be sure that the EPROM window is shielded from light 
with an opaque cover at all times except when erasing. 
This protects 
both 
the 
EPROM and light-sensitive 


nodes. 


A bootstrap program in ROM allows the MC1468705G2to 
program its own internal EPROM. The alternate vectoring 
used to implement the self-check in the MCl468705G2 is 
used to start execution of this program. 
When the Vpp voltage is placed on pin 3 Iprovided pin 2 
has VIROP applied and pin 37 has + 5 V appliedl. 
the 


bootstrap program is executed and the MCl468705G2 pro- 


grams itself. This ability to program itself is a function of the 
external hardware and the interaction between the internal 
hardware and the firmware. 
The amount of time for pro- 


gramming is determined by a value stored in the timer data 
register by the internal firmware. When the part is placed in 
t~e program and verify mode, the bootstrap vector will be 
fetched and the bootstrap firmware will start to execute. 


Note that an MCM68764 lor MCM687661UV EPROM must 
be programmed first with the exact duplicate of the informa- 
tion that is to be transferred to the MC1468705G2. Non- 
EPROM addresses are ignored by the on-chip ROM boot- 
strap. 
Since the 
MCl468705G2 
and the 
MCM68764 lor 
MCM687661 EPROM are to be inserted and removed from 
the circuit, they should be mounted in sockets. Additionally, 
the precautions below should be observed Irefer to Figures 
19 and 201. 


The 
advanced 
programming 
information 
provided 
below applies to MC1468705G2 EPROM MCUs which 
were manufactured 
using a mask set other than the 
MJ3 series. For programming 
information 
regarding 
the 
MJ3 
series of 
mask 
sets, 
consult 
Motorola 
Engineering Bulletin EB-110. 


Figure 
19 
illustrates 
the 
memory 
location 
of 
the 


MCM68764 EPROM which 
corresponds to the equivalent 
memory in the MCl468705G2. 
Note that the MCM68764 
memory locations which correspond to RAM locations or 
unused EPROM or ROM locations, 
in the MCl468705G2, 


may be programmed as either $00 or $FF Idon't carel. 


CAUTION 


Be sure that S1 is open and S2 is closed when inser- 
ting the MC1468705G2 and MCM68764 EPROMs into 
their respective sockets. This ensures that power is 
not applied and RESET is held low while inserting the 
devices. 


To program the MCl468705G2, open S31to select the pro- 


gramming and verify model and then close S1 Ito apply the 
proper voltages for the VDD, TIMER, and IRG pinsl. Next, 
open S2 (to remove reset and supply Vppl. When the reset 
cycle 
is complete, 
the 
internal 
ROM 
program 
initiates 


transfer of the external EPROM pattern one byte for each 
EPROM location. The MCl468705G2 bootstrap provides the 
address (AO-A121and enable ITSC/EI signals to permit com- 
plete self-programming. At the start of the data transfer from 
the MCM68764 EPROM, the programming 
LED IDS21 is 


turned on and remains on throughout 
the programming se- 


quence. After completion of the programming sequence, the 
programming 
LED 
turns 
off. 
Transfer 
of 
the 
entire 


MCM68764 
EPROM content 
requires approximately 
200 


seconds. The internal timer data register is then cleared and 
the loop is repeated to verify that the programmed data is 
precisely the same as the incoming data from the MCM68764 
EPROM; if so, the verified LED is turned on. If the verified 
LED does not turn on, the exact program has not been load- 
ed from the MCM68764 to the MCl468705G2, indicating a 
possible defect. Close S2 and open S1 prior to removing any 
device from its socket. 


CAUTION 


Once the 
MC1468705G2 is programmed 
and con- 


nected for normal operation, be sure that Vpp Ipin 31 
is connected directly to VSS. 


&1 
g 
'"> 


Port A Data 
$ססoo 


Port B Data 
$0001 


Port C Data 
$0002 


Port 0 Data 
$0003 


Port A DDR 
$0004 


Par: BOOR 
$0005 


Port C DDR 
$0006 


Port DOOR 
$0007 


TImer Data 
$0006 


Timer Control 
$0009 


$OOOA 
6 Bytes Unused 
$OOOF 


RAM 
$0010 


112 Bytes 
- 
$0040 
-- 
MCM68764 
- 


S.!?ck 164 Bytesl 
$007F 
EPROM 0 ILowl 


128 Bytes 
$0080 --....... 
Filled With 


Page 
0 
EPROM 
'00' 
or 'FF' 
-------- 


1968 Bytes 
User EPROM 


5712 Bytes 
$OBAF--....... 


Unused 


240 Bytes 
$lFOO 


Bootstrap 
ROM 
$lFEF 


5 Bytes 
Unused 
Filled With 


Mask Option Register 
$lFF5\. 
'00' or 'FF' 


Timer IntlWAITI 
,m.>:~\ 
Timer Interrupt 
$1FF8-F9 


External Interrupt 
$1FFA-FB 


SWI 
$1FFC-FD 


Reset 
$lFFE-FF 
• 


• 


$1FF4 
$1FF5 


$1FFF 


Yl 
1.0 MHz 


D 


A2 


10M 


• 
3:0•• 


TSC/E 
~en 


20 
co 
•••••• 


9 DO 
l:/Vpp 
AO 8 
AO 
0 


1001 
A17 
Al 
U1 


11 D2 
A26 
A2 
C) 


13 D3 
A 
5 
A3 
N 


00-D7 
8 
14 D4 
~ 
A44 
A4 


15 D5 
~ 
A53 
A5 


16 D6 
~" 
A62 
A6 
:J~ 
17 D7 
::;; 
A71 
A7 
u 
::;; 
AS 23 
A8 


24 VCC 
A922 
A9 


A1 
19 
A10 


All 
All 


VSS 
A12 
A12 


12 


0-0 
+ 5.25 V 


I 
0-0, 
S1 
- 18V 
, 


Cl 


27PF~ 


S3 
PCO 
28 PCO 
0 


ISee Nate21 
PCl 
27 PCl 


26 PC2 
~ 
25 PC3 


U) 
24 PC4 


I 
22 PC6 
~ 
A6 
~ 
lOOk 
21 PC7 


0 
20 VSS 
I\) 
A7 
3k 
-= 


12 
2 


IRQ 
A8 
Al0 
All 
IN4742A 
510 
62 
15 k 
VAl 


A9 
6.8 k 


C2 


~27PF 


38 


OSC2 


VDD 40 


P8719 


P8618 


P85 
17 


P8416 


P8315 


P82 14 


P8113 


P80 12 


PAO 11 


PAllO 


PA29 


PA38 


PA47 


PA56 


PA65 


PA74 


PD~ 29 


PD130 


PD231 


PD332 


PD433 


PD534 


PD635 


TIMEA 37 


PC5 23 


AO 
~ 


Al 


A2 


A3 


A4 


A5 
A3 
A4 
470 
470 
A6 
C> 
A7 
c: 
" 
E 
A8 
~ 
E 
Ii; 
~ 
A9 
> 
C> // 
Al0 
//.t 


All 
DSl 
DS2 
A12 


NOTES: 
,. 
Unless 
otherwise 
indicated 
capacitor values 
are In microfarads; 
resistor values 
are In ohms 
2. Switch 
53 controls the mode as shown to the right 
3. Switches 
S1 and 52 are shown in the open position, 53 
IS shown closed. 


PCO 
IS31 
Mode 


0 
Program And Verify 


1 
Verify 
Only 


The MCU has a set of 61 basic instructions. 
They can be 
divided 
into 
five 
different 
types: 
register/memory, 
read- 
modify-write, 
branch, bit manipulation, 
and control. 
The fol- 


lowing paragraphs briefly explain each type. All the instruc- 
tions within 
a given type are presented in individual tables. 


REGISTER/MEMORY 
INSTRUCTIONS 
Most of these instructions 
use two 
operands. 
The first 


operand is either the accumulator 
or the index register. The 
second operand is obtained 
from memory using one of the 
addressing modes. The operand for the jump unconditional 
IJMP) and jump to subroutine 
IJSRI instructions 
is the pro- 


gram counter. 
Refer to Table 4. 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These instructions 
read a memory 
location or a register, 


modify 
or test its contents, 
and write 
the modified 
value 
back to memory or to the register. The test for negative or 
zero ITST) 
instruction 
is an exception 
to the read-modify- 


write sequence since it does not modify the value. Refer to 
Table 5. 


BRANCH 
INSTRUCTIONS 


Most branch instructions 
test the state of the condition 


code register and if certain criteria are met, a branch is exe- 
cuted. This adds an offset between 
- 127 and + 128 to the 
current program counter. 
Refer to Table 6. 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of selting 
or clearing any bit which 


resides in the first 128 bytes of the memory space (where all 
port registers. port DDRs, timer. timer control, 
and on-chip 


RAM reside!. 
8it manipulation 
in the EPROM mapped area 
will 
not affect 
data in the EPROM. An additional 
feature 
allows the software to test and branch on the state of any bit 
within 
the first 256 locations. 
The bit set. bit clear, and bit 
test and branch functions 
are all implemented 
with a single 
instruction. 
For the test and branch instructions, 
the value of 
the bit tested is automatically 
placed in the carry bit of the 
condition 
code register. Refer to Table 7. 


CONTROL INSTRUCTIONS 


These instructions 
are register reference instructions 
and 
are used to 
control 
processor 
operation 
during 
program 
execution. 
Refer to Table 8. 


OPCODE MAP 


Table 9 is an opcode map for the instructions 
used on the 


MCU. 


ALPHABETICAL 
LISTING 


The complete instruction 
set is given in alphabetical order 
in Table 10 


The MCU uses ten different 
addressing modes to provide 
the programmer with an opportunity 
to optimize the code to 
all situations. 
The various indexed addressing modes make it 


possible to locate data tables. code conversion 
tables. and 
scaling tables anywhere in the memory space. Short indexed 
accesses are single byte instructions, 
while the longest in- 


structions 
Ithree bytes) permit accessing tables throughout 


memory. 
Short absolute (direct) and long absolute (extend- 
ed) addressing 
are also included. 
One and two byte direct 
addressing instructions 
access all data bytes in most applica- 
tions. 
Extended 
addressing 
permits 
jump 
instructions 
to 
reach all memory. Table 10 shows the addressing modes for 
each instruction, 
with the effects each instruction 
has on the 


condition 
code register. An opcode map is shown in Table 9. 


The term "effective 
address" lEAl is used in describing the 
various addressing modes, and is defined as the byte address 
to or from which the argument 
for an instruction 
is fetched 
or stored. 
The ten addressing 
modes of the processor are 
described below. Parentheses are used to indicate "contents 
of" 
the location 
or register referred to; e.g., 
IPCl indicates 
the contents of the location pointed to by the PC. An arrow 
indicates "is replaced by", and a colon indicates concatena- 
tions, 
refer to the M6806 HMOS/Ml46806 
CMOS 
Family 
Microcomputer/Microprocessor 
User's Manual. 


INHERENT 


In inherent 
instructions. 
all the information 
necessary to 


execute the instruction 
is contained 
in the opcode. 
Opera- 


tions specifying 
only the index register or accumulator, 
and 
no other arguments, 
are included in this mode. 


IMMEDIATE 
In immediate addressing, 
the operand is contained 
in the 
byte immediately 
following 
the opcode. 
Immediate address- 


ing is used to access constants which do not change during 
program execution 
le.g .• a constant 
used to initialize a loop 


counter!. 


DIRECT 


In the direct addressing mode. the effective address of the 
argument 
is contained 
in a single byte following 
the opcode 
byte. Direct addressing allows the user to directly 
address 
the lowest 256 bytes in memory with a single two byte in- 
struction. 
This includes all on-chip 
RAM and I/O registers. 


and 128 bytes of on-chip ROM. Direct addressing is efficient 
in both memory and time. 


EA=(PC+11; 
PC-PC+2 
Address Bus High-a; 
Address 8us Low-IPC+ 
11 


EXTENDED 


In the extended addressing mode, the effective address of 
the argument is contained 
in the two bytes following 
the op- 
code. 
Instructions 
with 
extended 
addressing 
modes 
are 
capable of referencing arguments anywhere in memory with 
a single three-byte 
instruction. 
When 
using the Motorola 
assembler, the user need not specify whether an instruction 
uses 
direct 
or 
extended 
addressing. 
The 
assembler 


automatically 
selects the most efficient 
addressing mode. 


EA=IPC+l):IPC+21; 
PC-PC+3 
Address Bus High-IPC+1); 
Address Bus Low-IPC+21 


INDEXED, NO OFFSET 


In the indexed. no offset addressing mode, the effective 
address 
of 
the argument 
is contained 
in the 8-bit 
index 


register. Thus, this addressing mode can access the first 256 
memory 
locations. 
These instructions 
are only 
one 
byte 
long. This mode is used to move a pointer through a table or 
to address a frequently 
referenced RAM or I/O location. 


EA=X; 
PC-PC+l 
Address Bus High-a; 
Address Bus Low-X 


• 


Addressing 
Modes 


Immediote 
Direct 
Extended 
Indexed 
Indexed 
Indexed 
(No Offset! 
18-Bit Offset! 
I16-Bit 
Offset! 


Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 
Op 
, 
, 


Function 
Mnemonic 
Code 
Byt •• 
Cycle. 
Code 
Bytes 
Cycles 
Code 
Byte. 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycle. 


Load A from Memory 
LOA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
06 
3 
5 


Load X from Memory 
LOX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
OE 
3 
5 


Store A ,n Memory 
STA 
- 
- 
- 
B7 
2 
4 
C7 
3 
5 
F7 
1 
4 
E7 
2 
5 
07 
3 
6 


Store X In Memory 
STX 
- 
- 
- 
BF 
2 
4 
CF 
3 
5 
FF 
1 
4 
EF 
2 
5 
OF 
3 
6 


Add 
Memory 
to A 
AOO 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
OB 
3 
5 


Add 
Memory 
and 
AOC 
A9 
E9 
3 
5 
Carry to A 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
3 
2 
4 
09 


Subtract Memory 
SUB 
AO 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 


Su~t:l~~~~~~;: from 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
02 
3 
5 


ANO 
Memory 
10 A 
ANO 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
04 
3 
5 


OR Memory 
With 
A 
OAA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
OA 
3 
5 


Exclusive 
OR Memory 
EOA 
A8 
2 
2 
B8 
2 
3 
C8 
3 
4 
F8 
1 
3 
E8 
2 
4 
08 
3 
5 
with A 


Arithmetic 
Compare A 
CMP 
Al 
2 
2 
Bl 
2 
3 
Cl 
3 
4 
Fl 
1 
3 
El 
2 
4 
01 
3 
5 
with Memory 


Arithmetic 
Compare X 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
03 
3 
5 
with Memorv· 


Bit Test Memory With 
BIT 
A5 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A I LOOical Compare I 


Jump Unconditional 
JMP 
- 
- 
- 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
OC 
3 
4 


Jump to Subroutine 
JSA 
- 
- 
- 
BO 
2 
5 
CD 
3 
6 
FO 
1 
5 
ED 
2 
6 
00 
3 
7 


Addressing 
Modes 


Inherent 
(AI 
Inherent 
IXI 
Direct 
Indexed 
Indexed 
INo Offset) 
I8-Bit 
Offset! 


Op 
, 
I 
Op 
, 
I 
Op 
, 
, 
Op 
I 
, 
Op 
, 
, 


Function 
Mnemonic 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycl •• 
Code 
Byt •• 
Cycles 


Increment 
INC 
4C 
1 
3 
5C 
1 
3 
3C 
2 
5 
7C 
1 
5 
6C 
2 
6 


Decrement 
OEC 
4A 
1 
3 
5A 
1 
3 
3A 
2 
5 
7A 
1 
5 
6A 
2 
6 


Ctear 
CLA 
4F 
1 
3 
5F 
1 
3 
3F 
2 
5 
7F 
1 
5 
~F 
2 
6 


Complement 
COM 
43 
1 
3 
53 
1 
3 
33 
2 
5 
73 
1 
5 
63 
2 
6 


Negate 
NEG 
40 
I 
3 
50 
1 
3 
30 
2 
5 
70 
1 
5 
60 
2 
6 
12'5 Complementl 


Rotate 
Let! Thru 
Carry 
AOL 
49 
1 
3 
59 
1 
3 
39 
2 
5 
79 
1 
5 
69 
2 
6 


Rotate Right Thru 
AOA 
46 
1 
3 
66 
1 
3 
36 
2 
5 
76 
1 
5 
66 
2 
6 


Carry 


Log,cal 
Sh,ll 
Lelt 
LSL 
46 
1 
3 
58 
1 
3 
38 
2 
5 
7B 
1 
5 
68 
2 
6 


Logical Shift RIght 
LSA 
44 
1 
3 
54 
1 
3 
34 
2 
5 
74 
1 
5 
64 
2 
6 


ArithmetiC Shift Right 
ASA 
47 
1 
3 
57 
1 
3 
37 
2 
5 
77 
1 
5 
67 
2 
6 


Test for Negative 
TST 
40 
1 
3 
50 
1 
3 
30 
2 
4 
7D 
1 
4 
60 
2 
5 
Ar 7.rA 


Relative 
Addressing 
Mode 


Function 
Mnemonic 
Op 
, 
, 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
3 


Branch 
Never 
BRN 
21 
2 
3 


Branch IFF Higher 
BHI 
22 
2 
3 


Branch IFF Lower or Same 
BLS 
23 
2 
3 


Branch IFF Carry Clear 
BCC 
24 
2 
3 


(Branch IFF HIgher 
or Same) 
IBHSI 
24 
2 
3 


Branch 
IFF Carry 
Set 
BCS 
25 
2 
3 


IBranch 
IFF Lower) 
IBLO) 
25 
2 
3 


Branch IFF Not Equal 
BNE 
26 
2 
3 


Branch 
IFF Equal 
BEO 
27 
2 
3 


Branch 
IFF Half Carry Clear 
BHCC 
28 
2 
3 


Branch 
IFF Half Carry Set 
BHCS 
29 
2 
3 


Branch 
IFF Plus 
BPL 
2A 
2 
3 


Branch IFF Minus 
BMI 
2B 
2 
3 


Branch 
IFF Interrupt 
Mask 
Brt 15 Clear 
BMC 
2C 
2 
3 


Branch IFF Interrupt 
Mask alt IS Set 
BMS 
2D 
2 
3 


Bran-cn IFF Interrupt 
Line 15 Low 
BIL 
2E 
2 
3 


Branch IFF Interrupt 
Line IS High 
BIH 
2F 
2 
3 


Brandl 
to Subroutine 
BSR 
AO 
2 
6 
• 


Addressing 
Modes 


Bit Setl Clear 
Bit Test and Branch 


Function 
Mnemonic 
Op 
, 
, 
Op 
, 
, 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch 
IFF Bit n 
IS Set -, 
BRSET n In=O 
71 
- 
- 
- 
20n 
3 
5 


Branch 
IFF Bit n 
IS Clear 
BRCLR 
n In=O 
71 
- 
- 
- 
01 + 2-n 
3 
5 


Set Bit n 
BSET n In=O .. 71 
10 + 2-" 
2 
5 
- 
- 
- 


Clear Bit n 
BCLR n In=O 
71 
11 + 2-n 
2 
5 
- 
- 
- 


Inherent 


Function 
Mnemonic 
Op 
, 
, 
- 
Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
1 
2 


Transfer X to A 
TXA 
9F 
1 
2 


Set Carry 
Bit 
SEC 
99 
1 
2 


Clear Carry Bit 
CLC 
98 
1 
2 


Set Interrupt Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt Mask Bit 
Cli 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
10 


Return from Subroutine 
RTS 
81 
1 
6 


Return from Interrupt 
RTI 
00 
1 
9 


Reset Stack Pointer 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
, 
2 


Stop 
STOP 
8E 
, 
2 


Wait 
WAIT 
8F 
, 
2 


• 


Bit M.nioul.tion 
Br.nch 
Read/Modi 
IWrit. 
Control 
R 
titer/Memory 
I 
DIR 
1 


~' 
rk 
oo~o 
OO~l .~ "~, 
01~O 
OI~1 
8 
9 
A 
e 
,joo 
'~1 
ll~O 
H~ 
Low 
"'" 
''''' 


"XlI 
1010 
1011 
1111 


BsETO' 
3 
, 


NEG 
' 
RTI 
~ 
SUB 
0 
SUB 
~ 
,J;.., 
,J;.., 
BRsETfo 
BRA 
, 
NEGO,. 
NE~NH 
NEG 
NEG 
SUB 
SUB 
SUB", 
, 
SUB1"'1 
, 
, 
, 
"H 
'" 
, 
" 
1 
"H 
I 
M 
-0,. 
XT 
, 
, 
3 
, 
, 
3 
4 
, 
4 
3 
1 
JBHClP~R 
BCL~~r 
BANR~I 
RTs 
CMP 
CMP 
CM~XT 
CMP 
, 
CMP 
CMP 
"';', 
"'" 
, 
'NH 
, 
IMM , 
0" 
3 
3 
IX 
'Xl 
, 
IX 
.' 
BsEU; 
3 


sBC 
0 
4 
4 
sBC 
J 
2 
BRsEJr', 
BHI", 
sBC 
sBC 
sBC 
sBC 
o¢.o 
00'. 
'MM 
,. 
Xl 
IX] , 
IXI 
1 
IX 


BRCL~T': 
, 
3 
, 
3 
CbMX 


3 
, 
, 
'. 
, 
cpx 
0 


4 
4 
CPX 
3 


~1 
eCL~;r 
BLs,,, 
I, COMnlR 
1 COM~H 
COM 
COM 
$Wl 
CPX 
CPX~XT 
CPX 
, 
CPX 
J" 
, 
, H 
'x, 
, 
'x 
, 
INH 
, 
IMM , 
0" 
3 
IX 
'X, 
, 
IX 


BRsEJl: 
, 
3 
, 
3 
3 
, 
5 


AND 
J 


4 
4 
AND 
3 
oj" 
BsE~~e 
BCC,,, I, LsRnTA 
L$RA 
LsRX 
LsR 
LsR 
AND 
AND 
AND 
, 
AND 
"~ 
, 
"H 
I 
'NH 
IX' 
, 
'x 
'MM 
-0" 
Xl 
'X 
IX' 
, 
IX 


BRCL~l: 
5 
3 
, 
J 
4 
4 
BIT 
,~ 
n?, 
BCL~t 
BCs,,, 
BI~M' 
BIT 
BIT 
BIT I.' 
, 
BIT ,., 
"~ 
, 
0,. 
Xl 


BRsEJi: 
3 
, 
3 
3 
, 
, 
, 
3 
4 
, 
4 
3 
I 


01~ 
BsEUe 
BNE,,, I, ROR 
RORA 
ROR~NH 
ROR 
ROR 
LOA 
LOA 
lD~XT 
LOA 
, 
LOA 
LOA 
~o 
,. , 
I H , 
'x, 
, 
IX 
IMM , 
0" 
3 
3 
IX 
IXI 
1 
IX 


BRCL~?: 
3 
5 
3 
3 
, 
, 
, 


sTA 
" 


4 


n?" 


BCL~~r 
BEO,,, 
AsR 
A$RA 
AsRX 
AsR 
AsR 
TAX 
sTA 
sTA 
, 
sTA 
sTA 
7 
,. , 
INH 
1 
'NH 
'Xl 
, 
" 
, 
INH 
' 
') 
DIR 
Xl 
IX 
'Xl 
1 
IX 
111 


..' 
3 
3 
, 
, 
, 
, 
3 
4 
, 
4 
3 
,~ 
BRsE!:o 
BsE'!:~r 
BHC~" 
LsL 
LsLA 
lSLX 
LsL 
LsL 
CLC 
EO~MM 
, 
EOROI' 
EOR~XT 
EOR 
, 
EOR 
EOR 
B 


" 
, 
'NH 
1 
'NH 
'" 
, 
'X 
IX 
IX' 
, 
'X 
1000 
, 
5 
3 
, 
3 
3 
, 
, 
, 
, 
3 
4 
, 
4 
I 
9 
BRCl~~ 
BCL~~r 
BHC~t, 
ROL 
ROLA 
ROLX 
ROL 
ROL 
sEC 
ADC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 
100' 
,. 
1 
"H 
, 
'NH 
'Xl 
, 
" 
, 
'NH , 
'MM , 
01' 
3 
'Xl 
J 
IX' , 
IX1 , 
IX 
'001 
, 
3 
, 
3 
3 
, 
, 
ORA 
0 
l~ 
BRsE!;;o 
esE~~r 
BPlRJ:1 
DEC 
DECA 
DECX 
DEC 
DEC 
Cli 
ORA 
ORA 
ORA 
ORA 
ORA 
A 
,. , 
INH , 
"H , 
'" 
I 
'x 
1 
'NH , 
'MM , 
0" 
3 
XT 
3 
IX' , 
IXI 
, 
IX 
1010 
, 
, 
3 
ADD 
J 
\~, 
3BRCL~,S. 
BCL~t 
BMI 
Rtl 
sEI 
ADD 
AD~XT 
ADD 
ADD 
ADD 
B 
, 
'NH 
IMM , 
-0,. 
3 
3 
IX' , 
IXI , 
'X 
1011 


INC 
5 
3 
3 
, 
, 
, 
JMP 
, 


4 


1~ 
BRSEJf, 
BsE~~r 
BM~J'I 
INCA 
INCX 
'NC 
INC 
RsP 
JMP 
JMP 
JMP 
JMP 
C 
,. , 
INH , 
INH , 
IX' 
, 
'x 
, 
'NH 
, 
0" 
3 
'XT 
3. 
IX' , 
IXI , 
IX 
1100 
4 
TsT 
' 


4 
, 


JsR 
' 
,g\ 
BACL:~R 
BCL~t 
BM~t, 
TsT 
TSTA 
T$TX 
TsT 
NOP 
BsR •• , 
JsR 
JsR 
JsR 
JsR 
0 
,. , 
'NH , 
INH , 
'" 
, 
'x 
, 
'NH , 
, 
0" 
3 
'XT 
3 
IX' , 
IXI , 
IX 
"' 
, 
, 
3 
STOP' 
LOX 
J 
4 
lIE,,, 
I,BRsE!l" 
BsE~~e 
BIL." 
LOX 
LOX 
LOX 
I, 
LOX 
LOX 
E 
, 
'NH 
, 
'MM , 
0" 
3 
'Xl 
3 
" 
IXI , 
IX 
1110 


F 
BRCLR7 
BCLR7 
' 
CLR 
5 
3 
, 
CLR 
' 
WAIT 
' 
, 


F 
BIH 
CLRA 
CLAX 
CLR 
TXA 
sTX 
sTX 
sTX 
sTX 
sTX 
1111 
3 
BTB , 
BSe , 
'EL , 
0" 
I 
'NH 
I 
'NH , 
'" 
, 
'X 
I 
'NH , 
'NH 
, 
0" 
3 
'XT 
3 
IX' , 
'X, 
, 
IX 
1111 


Inherent 
Accumulator 


Index 
Register 
Immediate 
DIrect 
Extended 
Relative 
B,t 5etl Clear 
Bit Test and Branch 
Indexed 
INo Offset 1 
Indexed, 
1 Byte IB·B,tl 
Offset 
Indexed, 
2 Byte 116-BI1I Offset 


Addressing 
Modes 
Condition 
Codes 


Indexed 
Indexed 
Indexed 
Bit 
Bit 


Mnemonic 
Inherent 
Immediate 
Direct 
Extended 
Relative 
INo OffsetJ 
188itsl 
116 Bitsl 
Setl 
Test & 
H 
I 
N 
Z 
C 
Clear 
Branch 


ADC 
x 
x 
x 
X 
X 
X 
A • 
A 
A 
A 


ADD 
X 
X 
X 
X 
fA fA 


AND 
X 
X 
X 
X 
X 
X 
• • 
A 
A • 


ASL 
X 
X 
X 
X 
• • 
A 
A 
A 


ASA 
X 
X 
X 
X 
• • 
A 
AA 


BCC 
X 
• • • • 


BCLA 
X 
• • • • 


BCS 
X 
• • • • 
BEO 
X 
• • • • 


BHCC 
X 
• • • • 


BHCS 
X 
• • • • 


BHI 
X 
• • • • 


BHS 
X 
• • • • 


BIH 
X 
• • • • 


BIL 
X 
• • • • 


BIT 
X 
X 
X 
X 
X 
X 
• • 
A 
A 


BLD 
X 
• • 


BLS 
X 
• • 


BMC 
X 
• • 


BMI 
X 
• • 


BMS 
X 
• • 


BNE 
X 
• • 
• 


BPL 
X 
• • 
BAA 
X 
• • 


BAN 
X 
• • 


BACLA 
X 
• • 
BASET 
X 
• • 
A 


BSET 
X 
• • 
• 


BsA 
X 
• • 
• 


CLC 
X 
• • 
0 


CLI 
X 
• 
a 
• 


CLA 
X 
X 
X 
X 
• • 
0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


COM 
X 
X 
X 
X 
• • 
A 
A 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


DEC 
X 
X 
X 
X 
• • 
A 
A • 


EDA 
X 
X 
X 
X 
X 
X 
• • 
A 
A • 


INC 
X 
X 
X 
X 
• • 
A 
A • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JsA 
X 
X 
X 
X 
X 
• • • • • 


LOA 
X 
X 
X 
X 
X 
X 
• • 
A 
A • 


LOX 
X 
X 
X 
X 
X 
X 
•• 
A -. 


LSL 
X 
X 
X 
X 
• • 
A 
A 
A 


LsA 
X 
X 
X 
X 
• • 
a 
A 
A 


NEG 
X 
X 
X 
X 
• 
• 
A 
" 
Nap 
X 
• • •• • 


OAA 
X 
X 
X 
X 
X 
X 
• 
• 
A 
AI· 


AOL 
X 
X 
X 
X 


ADA 
X 
X 
X 
X 
• • 
A 
A 
A 


ASP 
X 
• • • • • 


ATI 
X 
I 


ATs 
X 
• • • • • 


sBC 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


sEC 
X 
• • • • 
1 


sEI 
X 
• 
1 • • • 


sTA 
X 
X 
X 
X 
X 
• • 
A 
A • 


STOP 
X 
• 
a • • • 
sTX 
X 
X 
X 
X 
X 
• • 
A 
A • 
SUB 
X 
X 
X 
X 
X 
X 
• • 
A 
A 
A 


sWI 
X 
• 
1 • • • 
TAX 
X 


TsT 
X 
X 
X 
X 
• • 
A 
A • 
TXA 
X 
• • • • • 
WAIT 
X 
·ro • • • 


Condition 
Code Symbols 


H 
Half Carry (From Bit 31 


I 
Interrupt 
Mask 


N 
Negative 
ISign 
Bit) 
Z 
Zero 


C 
Carry/Borrow 


Test and Set if True, 
Cleared Otherwise 
Not Affected 
Load CC Register From Stack 
Cleared 
Set 


II 


II 


INDEXED, 8-BIT OFFSET 
Here the EA is obtained by adding the contents of the byte 
following the opcode to that of the index register; therefore, 
the operand 
is located anywhere within 
the lowest 511 


memory locations. For example, this mode of addressing is 
useful for selecting the mth element in an n element table. All 
instructions are two bytes. The contents of the index register 
IX) is not changed. The contents of IPC+ 1) is an unsigned 
B-bit integer. One byte offset indexing permits look-up tables 
to be easily accessed in either RAM or ROM. 
EA~X+IPC+1); 
PC-PC+2 
Address Bus High-K; 
Address Bus Low-X+ 
IPC+ 11 


Where: 
K ~ The carry from the addition of X + IPC+ 11 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the effec- 


tive address is the sum of the contents of the unsigned B-bit 
index register and the two unsigned bytes following the op- 
code. This addressing mode can be used in a manner similar 
to indexed B-bit offset, except that this three byte instruction 
allows tables to be anywhere in memory le.g., jump tables in 
ROMI. As with direct and extended, the M6805 assembler 
determines the most efficient 
form of indexed offset; B-or 


16-bit. The contents of the index register are not changed. 


EA~X+[IPC+1I:IPC+2))]; 
PC-PC+3 
Address Bus High-IPC+1I+K; 
Address Bus Low-X+IPC+2) 


Where: 
K~ The carry from the additon of X + IPC+ 21 


RELATIVE 


Relative addressing is only used in branch instructions. In 


relative addressing, the contents 
of the B-bit signed byte 


following the opcode Ithe offsell are added to the PC if and 
only if the branch condition is true. Otherwise, control pro- 


ceeds to the next instruction. The span of relative addressing 
is limited to the range of -126 
to + 129 bytes from the 
branch instruction opcode location. The Motorola assembler 
calculates the proper offset and checks to see if it is within 
the span of the branch. 


EA~ PC+ 2+ IPC+ 11; PC- 
EA if branch taken; 
otherwise, EA~ PC- 
PC+ 2 


BIT SET/CLEAR 


Direct addressing and bit addressing are combined in in- 
structions which set and clear individual memory and I/O 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified with the first three 
bits of the opcode. The bit set and clear instructions occupy 
two bytes, one for the opcode lincluding the bit number) and 
the other to address the byte which 
contains the bit of 


interest. 
EA~IPC+1); 
PC-PC+2 
Address Bus High-O; 
Address Bus Low-IPC+ 
11 


BIT TEST AND BRANCH 


Bit test and branch is a combination of direct addressing, 
bit set/ clear addressing, and relative addressing. The actual 
bit to be tested, within the byte, is specified within the low 
order nibble of the opcode. The address of the data byte to 
be tested is located via a direct address in the location 
following 
the opcode byte lEA 11. The signed relative B-bit 
offset is in the third byte IEA2) and is added to the PC if the 
specified bit is set or cleared in the specified memory loca- 
tion. This single three byte instruction allows the program to 
branch based on the condition of any bit in the first 256 loca- 
tions of memory. 


EA1~ IPC+ 1) 
Address Bus High-O; 
Address Bus Low-IPC+ 
11 
EA2~ PC+ 3 + IPC + 21; PC- 
EA2 if branch taken; 
otherwise, PC- PC+ 3 


® MOTOROLA 


UNIVERSAL 
MICROPROCESSOR POWER SUPPLY 
CONTROLLER 


The TCA5600 is a versatile 
power 
supply 
control 
circuit 
for 
microprocessor 
based systems 
and mainly 
intended 
for auto- 
motive 
applications 
and battery powered 
instruments. 
To cover 
a wide range of applications, 
the device offers high circuit flexi- 
bility with minimum 
of external components. 
Functions 
included 
in this IC are a temperature 
compensated 
voltage 
reference, 
on chip dc/dc converter, 
programmable 
and 
remote controlled 
voltage 
regulator, 
fixed 5.0 V supply voltage 
regulator with external PNP power device, undervoltage 
detection 
circuit, power-on 
RESET delay and watchdog 
feature for safe and 
hazard free microprocessor 
operations. 


• 
6.0 to 30 V Operation 
Range 


• 
2.5 V Reference Voltage Accessible for Other Tasks 


• 
Fixed 5.0 V ± 4% Microprocessor 
Supply Regulator Including 
Current 
Limitation, 
Overvoltage 
Protection 
and Undervoltage 
Monitor 


• 
Programmable 
6.0 to 30 V Voltage Regulator 
Exhibiting 
High 
Peak Current (150 mAl. Current Limiting and Thermal Protection 


• 
Two Remote Inputs to Select the Regulator's 
Operation 
Mode: 


OFF, 5.0 V, 5.0 V Standby and Programmable 
Output Voltage 


• 
Self Contained 
dc/dc Converter 
Fully Controlled 
By the Pro- 
grammable 
Regulator to Guarantee Safe Operation 
Under All 
Working 
Conditions 


• 
Programmable 
Power-On RESET Delay 


• 
Watchdog 
Select Input 


• 
Negative Edge Triggered 
Watchdog 
Input 


• 
Low Current Consumption 
in the VCC1 Standby 
Mode 


• 
All Digital Control 
Ports are TTL- and MOS-Compatible 


APPLICATIONS INCLUDE 


• 
Microprocessor 
Systems with E2pROMs 


• 
High Voltage Crystal and Plasma Displa,,:s 


• 
Decentralized 
Power Supplies in Computer 
and Telecommuni- 
cation Systems 


Characteristic 
Symbol 
Min 
Max 
Unit 


Power 
Supply 
Voltage 
VCCl 
5.0 
30 
V 


VCC2 
5.5 
30 


Collector 
Current 
IC 
- 
800 
mA 


Output 
Voltage 
Vout2 
6.0 
30 
V 


Reference 
Source 
Current 
Iref 
0 
2.0 
mA 


TCA5600 
TCF5600 


UNIVERSAL 
MICROPROCESSOR 
POWER 
SUPPLY 
CONTROLLER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


Vout2 
Prog 
7 


Vout2 
Output 
8 


Converter 
Output 


VCC2 


Gnd 


Current 
Sense 


Operating 
Junction 
Device 
Temperature 
Range 
Package 


TCA5600 
o to + 125"C 
Plastic 
DIP 


TCF5600 
-40 
to + 150"C 
Plastic 
DIP 


• 


• 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
(Pin 3, 14) 
VCC1, VCC2 
35 
Vdc 


Base Drive 
Current 
(Pin 151 
IB 
20 
mA 


Collector 
Current 
(pin 
101 
IC 
1.0 
A 


Forward 
Rectifier 
Current 
(Pin 
10-Pin 
9) 
IF 
1.0 
A 


Logic 
Inputs 
INH1, 
INH2, WDS 
VINP 
- 0.3 V to VCC1 
Vdc 
(Pin 6,11,18) 


Logic 
Input 
Current 
WDI 
(Pin 41 
IWDI 
:;:0.5 
mA 


Output 
Sink 
Current 
RESET (Pin 
1) 
IRES 
10 
mA 


Analog 
Inputs 
(Pin 2) 
- 
-0.3 
to 10 
V 


IPin 7) 
- 
-0.3 
to 5.0 


Reference 
Source 
Current 
(Pin 5) 
Iref 
5.0 
mA 


Power 
Dissipation 
(Note 
2) 
PD 
mW 
TA = 
+75°C 
TCA5600 
500 
TA = 
+85°C 
TCF5600 
650 


Thermal 
Resistance 
(Junction 
to Air) 
R8JA 
100 
°CIW 


Operating 
Temperature 
Range 
TA 
°C 
TCA5600 
o to 
+ 75 
TCF5600 
-40 
to 
+85 


Operating 
Junction 
Temperature 
TJ 
°C 
TCA5600 
+ 125 
TCF5600 
+ 150 


Storage 
Temperature 
Range 
TstQ 
-65 
to 
+ 150 
°C 


NOTES: 


1. 
Values 
beyond 
which 
damage 
may 
occur. 


2. 
Derate 
at 10 mwrc 
for 
junction 
temperature 
above 
+ 75°C 
(TCA5600). 


Derate 
at 10 mwrc for 
junction 
temperC!ture 
above 
+ 85°C 
(TCF5600). 
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Supply 
Voltage 
VCC1 


~ 
g~ 
0>= 
"-;;' 
u 
00 
g> 
~ 
c: 
<i 
l?3: 
l?3: 
"'> 


l.? 
0 
~- ,,- 
0- 
'" U 
165 
> 
15 
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3: 0. 
c: 
<i 
.£ 
" 
Ul 
:;; 
Q; 
a: 


Nominal 
Reference 
Voltage 
1 
Vref nom 
2.42 
2.5 
2.58 
V 


Reference 
Voltage 
Vref 
2.4 
- 
2.6 
V 


Iref = 0.5 mA, 
Tlow 
'" TJ '" Thigh 
(Note 
51, 
6.0 V '" VCCl 
'" 
18 V 


Line Regulation 
(6.0 V '" VCC2 '" 
18 VI 
Regline 
- 
2.0 
15 
mV 


Average 
Temperature 
Coefficient 
2 
~Vref 
- 
- 
+1-0.5 
mVrC 


Tlow 
'" TJ '" Thigh 
(Note 
51 
~TJ 


Ripple 
Rejection 
Ratio 
3 
RR 
60 
70 
- 
dB 


f = 1.0 kHz, Vsin 
~ 
1.0 Vpp 


Output 
Impedance 
Zo 
- 
1.0 
- 
Ohm 
o '" Iref '" 2.0 mA 


Standby 
Current 
Consumption 
4 
ICC1 
- 
30 
- 
mA 


VCC2 = Open 


NOTES: 


3. 
The 
external 
PNP 
power 
transistor 
satisfies 
the 
following 
minimum 
specifications: 


hFE 
;;:. 60 
at Ie 
= 
500 
mA 
and 
VCE 
= 
5.0 
V; VCElsat) 
,.;;::300 
mV 
at Ie = 
10 mA 
and 
Ie = 
300 
mA 


4. 
Regulator 
Vout2 
programmed 
for 
nominal 
24 V output 
by 
means 
of A4, 
RS (see 
Figure 
11 


5 
Tlow 
= 
O°C for 
TCA5600; 
Tlow 
= 
- 40°C 
for 
TCF5600 


Thigh 
= 
125°C 
for 
TCA5600; 
Thigh 
= 
150"C 
for 
TCF560Q. 


Nominal 
Output 
Voltage 
Voutl(noml 
4.8 
5.0 
5.2 
V 


Output 
Voltage 
Voutl 
4.75 
- 
5.25 
V 


5.0 mA 
'" loutl 
'" 300 mA, 
Tlow 
'" TJ '" Thigh 
(Note 
51 
5 


6.0 V '" VCC2 '" 
18 V 
6 


Line Regulation 
(6.0 V '" VCC2 '" 
18 VI 
Regline 
- 
10 
50 
mV 


Load 
Regulation 
(5.0 mA 
'" loutl 
'" 300 mAl 
Regload 
- 
20 
100 
mV 


Base Current 
Drive 
(VCC2 
~ 
6.0 V, V15 
~ 4.0 VI 
IB 
10 
15 
- 
mA 


Ripple 
Rejection 
Ratio 
3 
RR 
50 
65 
- 
dB 
f ~ 
1.0 kHz, Vsin 
~ 
1.0 Vpp 


Undervoltage 
Detection 
Level 
(RSC 
~ 
5.0 III 
7 
Vlow 
4.5 
0.93 x Voutl 
- 
V 


Current 
Limitation 
Threshold 
(RSC 
~ 
5.0 III 
VRSC 
210 
250 
290 
mV 


Average 
Temperature 
Coefficient 
~ 
- 
- 
::+:: 1.0 
mVrC 
Tlow'" 
TJ '" Thigh 
(Note 
51 
.HJ 


• 


II 


Nominal 
Output 
Voltage 
Vout2(nom) 
23 
24 
25 
V 


Output 
Voltage 
8 
Vout2 
22.8 
- 
25.2 
V 


1.0 mA 
'" lout2 
'" 
100 mA, 
Tlow 
'" TJ '" ThiQh 
(Notes 
5,7) 


Load 
Regulation 
1.0 mA 
'" lout2 
'" 
100 mA 
(Note 
7) 
Regload 
- 
40 
200 
mV 


DC Output 
Current 
lout2 
100 
- 
- 
mA 


Peak Output 
Current 
(Internally 
Limited) 
lout20 
150 
200 
- 
mA 


Ripple 
Rejection 
Ratio 
RR 
45 
55 
- 
dB 
f ~ 20 kHz, V = 0.4 Voo 


Output 
Voltage 
(Fixed 
5.0 V) 
Vout2(5.0 
V) 
4.75 
- 
5.25 
V 


1.0 mA 
'" lout2 
'" 20 mA, 
Tlow 
'" TJ '" Thigh, 


INHl 
= "High" 
(Note 
5) 


OFF State 
Output 
Impedance 
(INH2 
= "Low") 
Routl 
- 
10 
- 
kfl 


Average 
Temperature 
Coefficient 
~ 
- 
- 
000.25 
mvrcv 


Tlow 
'" TJ '" Thigh 
(Note 
5) 
.lTJVout2 


NOTES: 
6. Vg = 28 V. INHl 
= "Low" 
for this Electrical Characteristic section unless otherwise specif:ed. 


7. Pulse tested tp '" 300 J.l.S 


DC/DC CONVERTER 
SECTION 


Collector 
Current 
Detection 
Level "High" 
9 
V12(H) 
350 
400 
450 
mV 


RC = 10 k 
"Low" 
V12(L) 
- 
50 
- 


Collector 
Saturation 
Voltage 
10 
VCE(sat) 
- 
- 
1.6 
V 


IC = 600 mA 
(Note 
7) 


Rectifier 
Forward 
Voltage 
Drop 
11 
VF 
- 
- 
1.4 
V 
IF = 600 mA 
(Note 
7) 


Threshold 
Voltage 
"High" 
VC5(H) 
- 
2.5 
- 
V 
(static) 
"Low" 
VC5(L) 
- 
1.0 
- 


Current 
Source 
Tlow 
'" TJ '" Thigh 
(Note 
5) 
IC5 
!LA 


Power-Up 
RESET 
-1.8 
-2.5 
-3.2 
Watchdog 
Time 
Out 
- 
5xlC5 
- 


Watchdog 
RESET 
- 
-50x1C5 
- 


Watchdog 
Input 
Voltage 
Swing 
VWDI 
- 
- 
:<:5.5 
V 


Watchdog 
Input 
Impedance 
ri 
12 
15 
- 
kH 


Watchdog 
Reset Pulse Width 
(C8 ~ 
1.0 nF) (Note 
9) 
tp 
- 
- 
10 
!LS 


Input 
Voltage 
Range 
VINP 
- 
- 
-0.3 
to 
V 


VCCl 


Input 
HIGH Current 
IIH 
!LA 


2.0 V '" VIH '" 5.5 V 
- 
- 
100 


5.5 V '" VIH '" VCCl 
- 
- 
150 


Input 
LOW Current 
IlL 
)LA 


-0.3 
V '" VIL '" 0.8 V for 
INH1, 
INH2, 
- 
- 
- 100 


-0.3 
V '" VIL '" 0.4 V for WDS 


Leakage 
Current 
Immunity 
IINH2, 
High 
"Z" 
State) 
12 
IZ 
:<:20 
- 
- 
!LA 


Output 
LOW Voltage 
RESET 1I0L = 6.0 mAl 
VOL 
- 
- 
0.4 
V 


Output 
HIGH Current 
RESET (VOH = 5.5 V) 
VOH 
- 
- 
20 
)LA 


NOTES: 
8. Temperature 
range Tlow :s;:TJ 
'Si: Thigh applies to this Electrical Characteristics 
section. 


9. 
For test 
purposes, 
a negative 
pulse 
is applied 
to Pin 4 (- 
2.5 V,... V4 ~ 
- 5.5 VI. 


I 
II 


I 
I 
I 


I 


~ 


~ 
2.0 


§Z 
1.6 


3 


NC 
12 


NC 
4 
17 
NC 


TCA5600 
+ 60 


5" +40 
E 
1 


~ 
+20 
1C 
NC 
12 
0~ 
-= 
NC 
4 
~ 
0-20 
17 
>~ 
NC 
>'f!.-40 
.., 


- 60 


TCF5600 


- 50 
-25 
0 
25 
50 
75 
100 
125 
150 


TJ, JUNCTION TEMPERATURElOCI 


I 
Vref 


V 
out 


-;-- 


RSC 
0.5 II 


l 
NC 
12 
15 


VCC1 
NC 
4 
17 
Vau!1 


NC 
+1 


C4 
1Ol'F 


-=- 
R5 
10 k 


• 


II 


./ 


,/ 


I 
I 


NC 
12 


NC 
4 
17 
NC 


lout 1 ~ 
300 mA 


o 


1.0 
2.0 
3.0 4.05.0 
10 
20 
30 
40 
VCC2, SUPPLY VOLTAGEIVI 


VCC2 
RSC 


+ 
0.5 n 


3 


NC 
12 
15 


NC 
4 
17 
Vaul1 


NC 


-:- 


R5 
10 k 


-=- 


J 


/28 
V 
124 V 
VCC2 '" 20 V 


/ 
/ 
/ 
/ 
/ 
V 


:;; 


~ 
5.0 
~ 
§? 4.0 


~ 
3.0 


:::> 


~2.0 
tl 
> 1.0 


3 


NC 
12 


NC 
4 


+ 
17 
VCC1-=- 


NC 
l 
-=- 


;' 


+ t 


/\. 


VCC1 


NC 
12 


NC 
4 
17 
NC 


I 
I 
1 
I 
I 
I: 
II 
I 


~ 
20 
~ 
'" 
~ 
16 


§;i 
12 


~ 
8.0 


RSC 
0.5 II 


15 


Voul1 


+l 


C4 
1Ol'F 


-=- 


NC 
12 


+ NC 


VCCll 


V12111 
V12IHI 


I 
I 


+ 
'j, C4 
~OI'F 


• 


II 
- 
-- 


~ 
~ 
1.6 
~ 
~ 
1.4 
zo 


~ 
1.2 
::> 


~ 
1.0 


1il 
80.8 
> 


NC 
4 
17 
NC 


- 
- 
- 
1 NC 
12 
15 
-= 
NC 
4 


17 
NC 


Vout2 


Spec. Limits 


High ••z.. State 


V10 


24 
~ 
~ 
20 
~ 
~ 
16 
>- 


~ 
12 
::>o)8.0 


4.0 


o 
-40 
-30 
-20 
-10 
0 
10 
20 
IZ, LEAKAGE CURRENT I~) 


+ 
--r, C4 
-.L0 JLF 


APPLICATIONS 
INFORMATION 
(See Figure 18) 


1. VOLTAGE 
REFERENCE Vref 
The voltage 
reference Vref is based upon a highly 
stable bandgap voltage 
reference and is accessible on 
Pin 5 for additional 
tasks. This circuit 
part has its own 
supply 
connection 
on Pin 3 and is therefore 
able to 
operate in standby 
mode. The RC network 
R3, C6 im- 
proves the ripple rejection 
on both regulators. 


2. 
DC/DC CONVERTER 
The dc/dc converter 
performs 
according 
to the fly 
back principle 
and does not need a time 
base circuit. 
The maximum 
coil current is well defined by means of 
the current 
sensing resistor R1 under all working 
con- 
ditions 
(start-up 
phase, circuit 
overload, 
wide 
supply 
voltage range and extreme load current change). Figure 
13 shows the simplified 
converter 
schematic: 


I~~H 


Control Feedback 
10 


C2 
10.22 p.F 


A simplified 
method 
on "how 
to calculate the coil in- 
ductance" 
is given below. The operation 
point at min. 
supply voltage 
(VCC2) and max. output 
current (Iout2) 
for a fixed output 
voltage 
(Vout2) determines 
the coil 
data. Figure 14 shows the typical 
voltage 
and current 
wave forms on the coil L1 (coil losses neglected). 


The equations (1) and (2) yield the respective coil volt- 
age VL - 
and VL + (see Figure 14): 


VL + = Vout2 + Il.V(Pin 9 - 
Pin 8) + VF - 
VCC2(1) 


VL - 
= VCC2 - VCE(sat) - 
V12(H) 
(2) 


(Il.V(Pin 9 - 
Pin 81' input/output 
voltage drop of the 
regulator, 2.5 V typical) 


(VF, VCE(sat), V12(H): see electrical characteristics) 


VCC2 


1-·1-----,-------,-·---,-------- 


g~~lrenlt 
ILPea~-"----'----IZ~I\J.L::\/. 
1-1,---1.12.1 
1 


The time ratio 
(l for the charging time to dumping 
time 
is defined by equation (3): 


1 
t1 =---- 


(1 + ~). f 
(l 


(f : min. oscillation 
frequency which should be chosen 
above the audio frequency 
band (e.g. 20 kHz)) 


Knowing the dc output current lout2 of the programm- 
able regulator, the peak coil current IUpeak) can now 
be calculated: 


The coil inductance L1 of the nonsaturated 
coil is given 
by equation (6): 


L1 = _t_1_.VL_ 


IL(peak) 


The formula 
(6a) yields the current sensing resister R1 
for a defined peak coil current IL(peak): 


R1 = 
V12(H) 
IUpeak) 


II 


• 


In order to limit the by-pass current through 
capacitor 
C7 during the energy dumping 
phase the value C2»C7 
should be implemented. 


For all other operation 
conditions, 
the feedback signal 
from the programmable 
voltage 
regulator 
controls the 
activity of the converter. 


3. PROGRAMMABLE 
VOLTAGE 
REGULATOR 
This series voltage regulator 
is programmable 
by the 
voltage 
divider 
R4, R5 for a nominal 
output 
voltage 
6.0 V", 
Vout2 ", 30 V. 


R4 = (Vout2 - 
Vref nom) . R5 


Vref nom 
(7) 
(R5 = 10 k, Vref nom 
= 2.5 V) 


Current limitation 
and thermal 
shutdown 
capability 
are 
standard 
features 
of this 
regulator. 
The voltage 
drop 
tN(Pin 9 - 
Pin 8) across the series pass transistor 
gen- 
erates the feedback signal to control the dc/de converter 
(see Figure 13). 


4. CONTROL 
INPUTS 
INH1, 
INH2 
The dc/de converter 
and/or 
the regulator 
Vout2 
are 
remote controllable 
through 
the TTL, MOS compatible 
inhibit inputs INHl and INH2 where the latter is a 3-level 
detector 
(Logic 
"0", 
high 
impedance 
"Z", 
Logic "1"). 
Both inputs 
are setup 
to provide 
the following 
truth 
table: 


Mode 
INH1 
INH2 
Vnu" 
dc/de 


1 
0 
0 
OFF 
INT 
2 
0 
High "Z" 
Vout2 
ON 
3 
0 
1 
Vout2 
INT 
4 
, 
0 
OFF 
INT 
5 
, 
High "z" 
5.0 V 
ON 
6 
, 
, 
5.0 V 
INT 


INT: 
Intp.rmittent 
operation 
of the converter 
means that the 
converter 
operates 
only 
if VCC2<Vout2. 
ON: 
The converter 
loads the storage 
capacitor 
C2 to its full 
charge IVg = 33 V), allowing fast responsetime of the 
regulator 
Vout2 when 
addressed 
by the control 
software. 
OFF: 
High impedance (internal resistor 10 k to ground) 


Figure 
16 represents 
a typical 
timing 
diagram 
for an 
E2pROM programming 
sequence 
in a microprocessor 
based system. 
The high 
"Z" 
state enables the dc/de 
converter 
to ramp during 
t3 to the voltage 
V9 at Pin 9 
to a high level before the write cycle takes place in the 
memory. 


5. MICROPROCESSOR 
SUPLY 
REGULATOR 
Together with an external 
PNP power transistor 
(Ql). 


a 5.0 V supply 
exhibiting 
low voltage 
drop is obtained 
to power 
microprocessor 
systems 
and auxilliary 
cir- 
cuits. Using a power Darlington 
with adequate heat sink 
in the 
output 
stage 
boosts 
the output 
current 
loutl 
above 1 amp. 


FIGURE 
16 - 
TYPICAL 
E2PROM 
PROGRAMMING 
SEQUENCE 
(not to scalel 


Vt 
Vg max 


VCC:I-VF 


I 
i 


Programming 
I 


YoutZ 
Voltage Vpp 


5.0 V I 
I 


I::r::-! ~, 
~I----'I 
! 
! b 
I~~~I 
IHi9hl"~,, 1_--__ 
11 
_ 


"0" : 
I 
t--'- 
r---i 


The current 
limitation 
circuit 
measures 
the emitter 
current of Ql by means of the sensing 
resistor RSC' 


(IE: emitter 
current 
of Q1) 


(VRSC: threshold voltage (see electrical characteristics)) 


The voltage protection 
circuit performs a fold-back char- 
acteristic 
above 
a 
nominal 
operating 
voltage 


VCC2 ." 18 V. 


6. DELAY AND WATCHDOG 
CIRCUIT 
The under voltage monitor 
supervises the power sup- 
ply Voutl 
and releases the delay circuit RESET as soon 
as the regulator 
output 
reaches the microprocessor 
op- 
erating 
range 
(e.g. VLOW 
." 0.93 . Vout1(nom))' 
The 
RESET output 
has an open-collector 
and may be con- 
nected in a "wired-OR" 
configuration. 


The watchdog 
circuit 
consists 
of 
a retriggerable 
monostable 
with a negative edge sensitive control input 
WDI. The watchdog 
feature 
may be disabled 
by means 
of the watchdog 
select input WDS driven to a "1". Figure 
17 displays the typical 
RESET timing 
diagram. 
The commuted 
current 
source IC5 on Pin 17, thresh- 
old voltage~.C&J..L.),VC5(H) and an external capacitor C5 
define the RESET delay and the watchdog 
timing. 
The 
relationship 
of the timing 
signals 
are indicated 
by the 
equations 
(91to (11). 


RESET delay: 


Watchdog 
time- 
out: 


C5· VC51Hl 


1ic51 


t 
- 
C5· (VC5IH) - 
VC5IUI 
wd 
- 
5· IC5 
(101 


t 
- 
C5· (VC5IHI - 
VC5(U) 
r - 
50 . IIc51 
(11) 


FIGURE 
17 - 
TYPICAL 
RESET 
TIMING 
DIAGRAM 
(not to scale) 


lal 


Ve5 


(al Watchdog 
inhibited, 
WDS = "," 


lb) 
Watchdog 
operational, 
WDS 
= "0" 


Cl 
220 
p..F + 


Zl I 
MR2525L 
I 
~~ 


L1 
Rl 


0.68 
II 


VD 


9 
12 


+l 


C3 
47 
nF 


VCC2 


8 
14 
16-- - -- 
---, 
I 
I 
I 
I 
I 


C6 


0.33"FI 


RESET 
"P 


I 
I 


~~ ..' 
~--- 
WDI 


C8 
A330 
pF 


~ 


C5 
1100 nF 
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Mechanical Data I 


• 


The package 
availability 
for each device 
is indicated 
on the front page of 
the individual 
data sheets. 
Dimensions 
for the packages 
are given in this 
chapter. 


PLASTIC 
PACKAGE 
CASE 626-04 


NOTES: 


1. LEAD POSITIONAL 
TOLERANCE: 


IflB' 0.13 (0.005) @I 
T I A@ I 8@1 
2. DIMENSION "L"TO 
CENTER OF 
LEADS WHEN FORMED PARALLEL 


3. PACKAGE CONTOUR OPTIONAL 
(ROUND OR SQUARE CORNERSI. 
4. DIMENSIONS A AND 8 ARE DATUMS. 
5. DIMENSIONING 
AND TOLERANCING 
PER ANSI Y14.5, 1973. 


PLASTIC 
PACKAGE 
CASE 646-05 


NOTES: 


1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 


3. DIMENSION "8" 
DOES NOT 
INCLUDE MOLD FLASH. 
4. ROUNDED CDRNERS OPTIONAL 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
9AO 
10.H 
0.370 
OAOO 
8 
6.10 
6.60 
0.240 
0.260 
C 
3.94 
4A5 
0.155 
0.175 
0 
0.38 
0.51 
0.015 
0.020 
F 
1.02 
1.52 
0.040 
0.060 
G 
2.548SC 
0.1008SC 
H 
0.76 
1.27 
0.030 I 0.050 
J 
0.20 
0.30 
0.008 I 0.012 
K 
2.92 
3.43 
0.115 
0.135 
L 
7.62 8SC 
0.3008SC 
M 
- 
100 
- 
100 
N 
0.51 
0.76 
0.020 
0.030 
,. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
18.16 
19.56 
0.715 
0.770 
8 
6.10 
6.60 
0.240 
0.260 
C 
4.06 
5.08 
0.160 
0.200 
D 
0.38 
0.53 
0.015 
0.021 
F 
1.02 
1.78 
0.040 
0.070 
G 
2.548SC 
0.10 
8SC 
H 
1.32 
2.41 
0.052 
0.095 
J 
0.20 
0.38 
0.008 
0.015 
K 
2.92 
3.43 
0.115 
0.135 
L 
7.62 8SC 
0.3008SC 
M 
00 
100 
00 
I 
100 
N 
0.51 
1.02 
0.020 
I 0.040 


• 
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PLASTIC 
PACKAGE 
CASE 648-05 


'\ 
OPTIONAL 
LEAD 
CONFIG. (1,8,9, 
& 16) 


~TE5 
r;= L~ 


~GLJC1~I .1 
PLANE 


NOTES: 
1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION. 
2. DIMENSION "L" 
TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 


3. DIMENSION 
"B" 
DOES NOT 
INCLUDE MOLD FLASH. 


4. "F" 
DIMENSION 
IS FOR FULL 
LEADS. "HALF" 
LEADS ARE 
OPTIONAL AT LEAD POSITIONS 
l,8,9,and 
16). 


5. ROUNDED CORNERS OPTIONAL. 


CERAMIC 
PACKAGE 


CASE 620-02 


NOTES: 


1 
LEADS WITHIN 0.13 mm (0.005) RADIUS 
3 
DIM "L" TO CENTER OF LEADS 
OF TRUE POSITION AT SEATING PLANE 
WHEN FORMED PARALLEL 
AT MAXIMUM MATERIAL CONDITION 
2 
PKG.INOEX: 
NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
18.80 
21.34 
0.740 
0.840 
B 
6.10 
6.60 
0.240 
0.260 


C 
4.06 
5.08 
0.160 
0.200 
D 
0.38 
0.53 
0.015 
0.021 
F 
1.02 
1.1B 
0.040 
0.070 
G 
2.54 BSC 
0.100BSC 
H 
0.38 T 2.41 
0.015 
0.095 
J 
0.20 T 0.38 
0.008 
0.Q15 


K 
2.!l2 
3.43 
0.115 
0.135 
l 
7.62 BSC 
0.300 BSC 
M 
0° 
10° 
0° 
10° 
N 
0.51 
I 
1.02 
0.020 
0.040 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
19.05 
19.81 
0.750 
0.780 
B 
6.22 
6.98 
0.245 
0.275 
C 
4.06 
5.08 
0.160 
0.200 
D 
0.38 
0.51 
0.015 
0.020 
F 
1.40 
1.65 
0.055 
0.065 
G 
2.54 BSC 
0.100 BSC 


H 
0.51 
1.14 
0.020 
0.045 
J 
0.20 
0.30 
0.008 
0.012 
K 
3.18 
4.06 
0.125 
0.160 
L 
7.37 
7.87 
0.290 
0.310 
M 
- 
15° 
- 
15° 


N 
0.51 
1.02 
0.020 
0.040 


PLASTIC 
PACKAGE 


CASE 707-02 


NOTES: 


1. 
POSITIONAL 
TOLERANCE 
OF LEADS (0). 


SHALL 
BE WITHIN 
0.25mmI0.Ol01 
AT 
MAXIMUM 
MATERIAL 
CONDITION, 
IN 
RELATION 
TO SEATING 
PLANE AND 
EACH OTHE R. 


2. 
DIMENSION 
L TO CENTER OF LEADS 


WHEN FORMED PARALLEL. 


3. 
DIMENSION 
B DOES NOT INCLUDE 


MOLD 
FLASH. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
22.22 
23.24 
0.875 
0.915 
B 
6.10 
6.60 
0.240 
0.260 


C 
3.56 
4.57 
0.140 
0.180 
D 
0.36 
0.56 
0.014 
0.022 


F 
1.27 
1.78 
0.050 
0.070 


G 
2.54 
BSC 
0.100 BSC 
H 
1.02 I 
1.52 
0.040 
0.060 


J 
0.20 
I 
0.30 
0.008 
0.012 
K 
2.92 I 
3.43 
0.115 
0.135 


L 
7.62 Bse 
0.30 
BSC 
M 
00 
I 
150 
00 
15° 


N 
0.51 I 
1.02 
0.020 
0.040 


I 


• 


PLASTIC 
PACKAGE 
CASE 738-02 


NOTES: 


1. OIMW 
IS OATUM. 


2. POSITIONAL 
TOL FOR LEAOS; 


I•. [~ 0.25 (0.010l@/T I A@I 


3. IT] 
IS SEATING PLANE. 


4. OIM "B" 
OOES NOT INCLUOE MOLO FLASH. 


5. OIM rn TO CENTER OF LEAOS WHEN 
FORMEO PARALLEL. 


6. OIMENSIONING 
ANO TOLERANCING 
PER ANSI Y14.5, 1973. 


CERAMIC 
PACKAGE 
CASE 732-03 


NOTES: 


1. LEAOS WITHIN 0.25 mm (0.010) 
OIA, TRUE POSITION AT 
SEATING PLANE, AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIM L TO CENTER OF LEADS 
WHEN FORMEO PARALLEL. 


3. DIM A ANO B INCLUDES 
MENISCUS. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
25.65 
27.18 
1.010 
1.070 
B 
6.10 
6.60 
0.240 
0.260 
e 
3.94 
4.57 
0.155 
0.180 
D 
0.38 
0.56 
0.015 
0.022 
F 
1.27 
1.78 
0.050 
0.070 
G 
2.54 BSC 
0.100 BSC 
J 
0.20 I 0.38 
O.OOB 
0.015 
K 
2.79 I 
3.56 
0.110 
0.140 
L 
7.62 BSC 
0.300 BSC 


M 
00 
I 
150 
0° 
15° 
N 
0.51 r 1.02 
0.020 10.040 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
23.88 
25.15 
0.940 
0.990 
B 
6.60 
7.49 
0.260 
0.295 
e 
3.81 
5.08 
0.150 
0.200 
D 
0.38 
0.56 
0.015 
0.022 
F 
1.40 
1.65 
0.055 
0.065 
G 
2.54 Bse 
0.100 Bse 
H 
0.51 
1.27 
0.020 
0.050 
J 
0.20 
0.30 
0.008 
0.012 
K 
3.18 
4.06 
0.125 
0.160 
L 
7.62 Bse 
0.300 Bse 
M 
0° 
15° 
0° 
15° 


N 
0.25 
1.02 
0.010 
0.040 


PLASTIC 
PACKAGE 


CASE 724-02 


tt::::::::::::1 
~Hf-- 


~',- 
~l' 


~GL 
~~~LANE F 


NOTE: 


1. LEADS, TRUE POSITIONED WITHIN 


0.25 mm (0.010) OIA AT SEATING 
PLANE AT MAXIMUM MATERIAL 
CONDITION (DIM D). 


CERAMIC 
PACKAGE 


CASE 623-05 


[~~~~~~~~] 
i 
I--A 
I 


(SEATING 
PLANE 
~0~1'~L_~ 


'I' 
i 
_II-D 
J J 
; 
_\\- 
-GI-- 
K 
'"-I 
_M 
.J 


NOTES: 


1. DIM "L" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 


2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. 
(WHEN FORMED 
PARALLEL). 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
31.24 
32.13 
1.230 
1.265 
B 
6.35 
6.86 
0.250 
0.270 
C 
4.06 
4.57 
0.160 
0.180 
0 
0.38 
0.51 
0.015 
0.020 
F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 BSC 
0.100 BSC 


H 
1.60 
2.11 
0.063 
0.OB3 


J 
0.18 
0.30 
0.007 
0.012 


K 
2.92 
3.43 
0.115 
0.135 


L 
7.37 
7.B7 
0.290 
0.310 
M 
- 
10° 
- 
10° 


N 
0.51 
1.02 
0.020 
0.040 


MI LliMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
31.24 
32.77 
1.230 
1.290 


B 
12.70 
15.49 
0.500 
0.610 
C 
4.06 
5.59 
0.160 
0.220 
0 
0.41 
0.51 
0.016 
0.020 
F 
1.27 
1.52 
0.050 
0.060 
G 
2.54 BSC 
0.100 BSC 


J 
0.20 
0.30 
0.008 
0.012 


K 
3.1B 
4.06 
0.125 
0.160 
L 
15.24 BSC 
0.600 BSC 
M 
0° 
15° 
0° 
I 
15° 


N 
0.51 
1.27 
0.020T 0.050 


• 


.- 


[]:[]j 
C--A 
.1 


NOTES: 
1. LEADS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) DIAMETER 
(AT 
SEATING PLANE) AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION 
"L" 
TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 


"1 
B 


"j 
--A--.I 


CERAMIC 
PACKAGE 


CASE 719-03 


CERAMIC 
PACKAGE 
CASE 719-04 


NOTES, 


1. LEAOS.TRUE POSITIONEO WITHIN 


0.25 mm (0.010) OIAMETER (AT 
SEATING PLANE) AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION "L" TO CENTER OF 


LEADS WHEN FORMED PARALLEL. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
35.20 
35.92 
1.386 
1.414 
S 
14.73 
15.34 
0.580 
0.604 
C 
3.05 
4.19 
0.120 
0.165 
0 
0.38 
0.53 
0.015 
0.021 
F 
0.76 
1.40 
0.030 
0.055 
G 
2.54 SSC 
0.100 SSC 
H 
0.76 
1.78 
0.030 
0.070 
J 
0.20 
0.30 
0.008 
0.012 


K 
2.54 
4.19 
0.100 
0.165 
L 
14.99 
15.49 
0.590 
0.610 
M 
- 
10° 
- 
10° 


N 
0.51 
1.52 
0.020 
0.060 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
35.20 
35.92 
1.386 
1.414 
B 
14.73 
15.34 
0.580 
0.604 
C 
3.18 
5.08 
0.125 
0.200 
0 
0.38 
0.53 
0.015 
0.021 


F 
0.76 
1.40 
0.030 
0.055 
G 
2.54 BSC 
0.100 BSC 


H 
0.76 
1.78 
0.030 
0.070 


J 
0.20 
0.30 
0.008 
0.012 


K 
2.54 
4.57 
0.100 
0.180 
L 
14.99 
15.49 
0.590 
0.610 


M 
- 
10° 
- 
10° 


N 
0.51 
1.52 
0.020 
0.060 


PLASTIC 
PACKAGE 


CASE 710-02 


NOTES: 


1. 
POSITIONAL 
TOLERANCE 
OF LEADS (0), 


SHALL 
BE WITHIN 
0.25mmlO.010) 
AT 
MAXIMUM 
MATERIAL 
CONDITION, 
IN 
RElATION 
TO SEATING 
PLANE AND 
EACH OTHER. 


2. 
DIMENSION 
L TO CENTER 
OF LEADS 
WHEN FORMED PARALLEl. 


3. 
DIMENSION 
BODES 
NOT INCLUDE 
MOLD 
FLASH. 


CERPID PACKAGE 


CASE 733-03 


NOTES: 


1. DIM m IS DATUM. 
2. POSITIONAL TOL FOR LEADS: 


I • 
I fl 025 
(0.010) @ I T I A @I 
3. rn IS SEATING PLANE. 
4. DIM A AND B INCLUDES MENISCUS. 
5. DIM 
·L· 
TO-CENTER OF LEADS 


WHEN FORMED PARALLEl. 


6. DIMENSIONING 
AND TOLERANCING 
PER ANSI Y14.5, 1973. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
36.45 
37.21 
1.435 
1.465 
B 
13.72 
14.22 
0.540 
0.560 


C 
3.94 
5.08 
0.155 
0.200 
0 
0.36 
0.56 
0.014 
0.022 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 BSC 
0.100 
BSC 


H 
1.65 I 
2.16 
0.065 
0.085 


J 
0.20 
I 
0.38 
0.008 
0.015 


K 
2.92 I 
3.43 
0.115 
0.135 


L 
15.24 
BSC 
0.600 
BSC 


M 
00 
I 
15° 
0° 
15° 


N 
0.51 I 
1.02 
0.020 
0.040 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
36.45 
'37.85 
1,435 
1.490 


B 
12.70 
15.37 
0.500 
0.605 


C 
4.06 
5.84 
0.160 
0.230 


D 
0.38 
0.56 
0.015 
0.022 


F 
1.27 
1.65 
0.050 
0.065 


G 
2.54 BSC 
0.100 BSC 


J 
0.20 
I 0.30 
0.008 I 0.012 


K 
3.18 
I 
4.06 
0.1251 
0.160 


L 
15.24 SSC 
0.600 BSC 


M 
50 
I 
15° 
50 
I 
15° 


N 
0.51 I 
1.27 
0.020 I 0.050 


• 


I 


CERAMIC 
PACKAGE 
CASE 715-05 


NOTES: 
1. DIMENSIONW 
IS OATUM. 


2. POSITIONAL TOLERANCE 
FOR LEAOS: 


1-$1025 
(00101 021 T IA02J 


3. rn IS SEATING PLANE. 
4. OIMENSION "L"TO 
CENTER OF LEAOS 
WHEN FORMEO PARALLEL. 


5. OIMENSIONING ANO TOLERANCING 
PER ANSI Y14.5, 1973. 


CERAMIC 
PACKAGE 
CASE 715-06 


, i i i i i i i i i i i i 
J-:o 


NOTES: 


1. OIMENSIONW 
IS OATUM. 


2. POSITIONAL TOLERANCE 
FOR LEAOS: 


1-$10.25(00101 
eITIA@1 


3. rn IS SEATING PLANE. 
4. OIMENSION "L" TO CENTER OF LEAOS 
WHEN FORMEO PARALLEL. 


5. OIMENSIONING 
ANO TOLERANCING 
PER ANSI Y14.5, 1973. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
50.29 
51.31 
1.980 
2.020 
B 
14.63 
15.49 
0.576 
0.610 
C 
2.79 
4.32 
0.110 
0.170 
0 
0.38 
0.53 
0.015 
0.021 
F 
0.76 
1.52 
0.030 
0.060 
G 
2.54 SSC 
0.100 sse 
J 
0.20 
0.33 
0.008 
0.013 


K 
2.54 
4.57 
0.100 
0.180 
L 
14.99 
15.65 
0.590 
0.616 
M 
- 
100 
100 
N 
1.02 
1.52 
0.040 
0.060 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
50.29 
51.31 
1.980 
2.020 
B 
14.63 
15.49 
0.576 
0.610 
C 
3.18 
5.08 
0.125 
0.200 
0 
0.38 
0.53 
0.015 
0.021 
F 
0.76 
1.52 
0.030 
0.060 
G 
2.54 SSC 
0.100SSC 
J 
0.20 
0.33 
0.008 
0.013 


K 
2.54 
4.57 
0.100 
0.180 
L 
14.99 
15.65 
0.590 
0.616 
M 
- 
100 
100 


N 
1.02 
1.52 
0.040 
0.060 


PLASTIC 
PACKAGE 
CASE 711-03 


NOTES: 
1. POSiTiONAL 
TOLERANCE 
OF LEADS (0). 


SHALL BE WITHIN 0.25 mm 10.010) AT 
MAXIMUM 
MATERIAL 
rONOiTION. 
iN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 
2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 


3. DIMENSION B ODES NOT INCLUDE 
MOLD FLASH 


CERDIP PACKAGE 
CASE 734-04 


NOTES: 
1. DIM ·A· IS DATUM. 
2. POSITIONAL 
TOLERANCE 
FOR LEADS 


~10010) 
81 
T 1A81 


3 W is SEATING PLANE. 
4. DIM L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 


5 
DIMENSIONS A AND B INCLUDE 
MENISCUS. 


6. DIMENSIONING 
AND TOLERANCING 
PER ANSI Y14.5. 1973. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
51.69 
52.45 
2.035 
2.065 
B 
13.72 
14.22 
0.540 
0.560 
C 
3.94 
5.08 
0.155 
0.200 
0 
0.36 
0.56 
0.014 
0022 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 BSC 
0.100 BSC 
H 
1.65 
2.16 
0.065 
0.OB5 
J 
0.20 
0.38 
0.008 
0015 
K 
2.92 
3.43 
0.115 
0.135 
L 
15.24 BSC 
0.600 BSC 
M 
00 
150 
00 
I 
150 


N 
0.51 
1.02 
0.020 I 0.040 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
5131 
53.24 
2.020 
2.096 


B 
1270 
15.49 
0500 
0.610 


C 
4.06 
584 
0160 
0.230 


0 
0.38 
056 
0.015 
0.022 


F 
1.27 
1.65 
0.050 
0.065 


G 
254 BSC 
0.100 BSC 


J 
0.20 
I 
0.30 
0008 
I 0.012 


K 
3.18 I 
4.06 
0125 
I 0.16.0 


L 
15248SC 
0.600 SSC 


M 
50 
I 
150 
50 
I 
150 


N 
0.51 I 
1.27 
0020 
I 0050 


• 
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CHIP CARRIER 
CASE 761-01 
D 


inTIi 
, 
1 J 


It -- B -3---1 
-jjNt 
I: 
-R- 
--Ie 


NOTES: 
1. OIMENSIONS A & RARE OATUMS. 


2. illis GAUGE PLANE. 
3. POSITIONAL TOLERANCE FOR 
TERMINALS 
(0): 40 PLACES: 


'.10.25 
(0010) @ 1T 1A 01 R0J 
4. DIMENSIONING AND TDLERANCING 
PER ANSI Y14.5, 1973. 


MI LlIMETE RS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 


A 
11.94 
12.57 
0.470 
0.495 
8 
11.05 
11.30 
0.435 
0.445 
C 
1.60 
2.08 
0.063 
0.082 
0 
0.33 
0.69 
0.013 
0.027 
F 
1.07 
1.47 
0.042 
0.058 
G 
i.02 8SC 
0.040 SSC 
H 
0.84 
1.19 
0.033 
0.047 
N 
1.27 
1.79 
0.050 
0.070 
R 
11.94 
12.57 
0.470 
0.495 


CERAMIC 
PACKAGE 
CASE 740-02 


E -~J 
]j 


I---~---I 


YT'!_I 
I_:_I-IJJ 
1-1 


JL 


o 


I 
I i 
II 


NOTES: 
1. DIMENSIDN[!jIS 
DATUM. 
2. POSTIONAL TOLERANCE 
FOR LEADS: 
Itljl' 0.25 (O.0101ijT I Ael 


3.[I] IS SEATING PLANE. 
4. DIMENSION "L" 
TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 


5. DIMENSIONING 
AND TOLERANCING 
PER 
ANSI Y14.5, 1973. 


MI LlIMETE RS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
60.35 
61.57 
2.376 
2.424 
8 
14.63 
15.34 
0.576 
0.604 
C 
3.05 
4.32 
0.120 
0.160 
0 
0.381 
0.533 
0.015 
0.021 
F 
0.762 
1.397 
0.030 
0.055 
G 
2.54 8SC 
0.1008SC 
J 
0.203 
0.330 
0.008 
0.013 
K 
2.54 
4.19 
0.100 
0.165 
L 
14.99 
15.65 
0.590 
0.616 
M 
00 
100 
00 
100 
N 
1.016 
1.524 
0.040 
0.060 


Technical Training II 


• 


Since 1974 when Motorola first introduced the M6800 
Family course around the United 
States, Motorola technical training courses have been among the most popular and ef- 
fective methods for system designers to catch up or keep up with the microprocessor/ 
microcomputer state-of-the-art. 


Motorola technical training courses are scheduled troughout Europe. The schedule is adver- 
tised periodically, and information is always available from the regional Motorola Sales Offi- 
ces. 


A special session of any Motorola technical training course may be held at your facility. 
This can be a standard course or a course designed to fulfill your particular needs. 


The following is a list of course offerings. For more detailed course descriptions, course 
schedule in your area, or enrollment procedures, please call the Motorola Technical Train- 
ing Group at your nearest Motorola Sales Office. 


Basic M6800 
Family Course -- 4 Days (MTT1) 


MTT1 is the original course of the M6800 
Family, kept up to date and improved during 
the several years of its existence. It's designed to bring you up to speed in just four days, 
covering the background you'll need to design, develop, and debug an MC6800-based 
microcomputer system. 


Basic M6801 
Course - 
4 Days (MTT2) 


MTT2 is a beginning course on microprocessors based on the powerful MC6801 
hard- 
ware and software. It is very similar to Course MTT1 , but focuses on the MC6801 rather 
than the MC6800. 


MC6809 
Update - 
2 Days (MTT3) 


Course MTT3 is designed for the student who is very knowledgeable about the MC6800 
microprocessor and wants to be equally capable with the MC6809. 


MC6801 
Update - 
2 Days (MTT5) 


Course MTT5 is designed for the student who is very knowledgeable about the MC6800 
microprocessor and wants to be equally capable with the MC680 1. 


M6805 
Introductory Course - 
3 Days (MTT6) 


MTT6 is an introductory 
course on Motorola's 
M6805/M146805 
Family of one-chip 
microcom puters/ controllers. 


Understanding Microprocessor Basics - 
1 Day (MTT7) 


This course is a one-day non-technical course designed to acquaint managers, secreta- 
ries, buyers, salesmen, and other non-designers with microprocessors. We cover the 
whys, whats, and hows of microcomputer systems. We'll give you the buzz words and 
use simplified examples to explain basic concepts. It's a good non-technical course. If 
you understand terms such as data bus, interrupt, multiplexing, mnemonics, etc., then 
this course isn't for you. 


MC68000 
16-Bit Microprocessor - 
4 Days (MTT8) 


The general features of the MC68000 
such as pin functions, 
registers, addressing 
modes, and instruction set are covered. In addition, the unique features such as primitive 
instructions 
for 
high-level software, 
exception 
handling, and position 
independent 
machine code generation are discussed. The development tools used in the course 
include the Assembler, Editor, and the MC68000 
ECB module. Two labs help provide 
experience with the hardware. 


8-Bit Development Systems - 
2 Days (MTT10) 


This course is designed to prepare the student to understand and use the basic functions 
of both MC6800 
EXORciserand MC6809 
EXORciser II systems. 


Basic MC6809 
Course - 
4 Days (MTT11) 


MTT11 is a beginning course on microprocessors based on the powerful MC6809 hard- 
ware and software. It is very similar to Course MTT1, but focuses on the MC6809 rather 
than the MC6800. 


Pascal - 
4 Days (MTT12) 


This course is designed to enable even the novice programmer to write well-constructed 
programs in Pascal. The first three days are for illustration of standard Pascal and struc- 
tured programming as taught in a college-level course. The fourth day includes Motorola 
extensions and implementation for the MC6809 
and MC68000. 
Each student has the 
opportunity to complete and execute several programs. 
• 


EXORmacs - 
2 Days (MTT13) 


This course aids the student in becoming familiar with EXORmacs.Included are the use of 
Utilities, Assemblers, Editors/Debuggers, and how to use Pascal on EXORmacs. 


EXORmacs Operating Systems - 
4 Days (MTT15) 


This course familiarizes the student with the multi-layered structure and operation of the 
EXORmacs operating system software. 
Use of RMS68K and VERSAdos on a target 
system is also discussed. 


Virtual System Course - 
4 Days (MTT16) 


This course familiarizes the student with the MC68010 and various MC68000 peripheral 
chips. A vertical system exampleanddesigntechniques usedto implement it arepresented. 


• 


MC68000 
Operating System IUNIX*-likel 
- 
4 Days (MTT18) 


This course teaches the student how to use the Motorola UNIX* -like operating system 
and the C compiler. 


Designing with VERSAmoduleslVMEmodules 
- 
4 Days (MTT19) 


This course teaches the student about designing with board level products based around 
the VERSAbus and the VMEbus. 


Memory Products II 


a 


® MOTOROLA 


Motorola 
has developed a very broad range of reliable 
MQS and bipolar memories for virtually any digital data pro~ 
cessing system application. 
And for those whose require~ 


ments go beyond individual components, Motorola also sup~ 
plies Memory Systems and Micromodules. 


RAMs 


Access Time 
Power 
No. of 
Organization 
Part Number 
(ns Max) 
Supplies 
Pins 


16384 xl 
MCM4116BPI5 
150 
+12,±5V 
16 


16384 xl 
MCM4116BP20 
200 
+12. 
±5V 
16 
16384 xl 
MCM4116BP25 
250 
+12. 
±5V 
16 
16384 xl 
MCM4517PlO 
100 
+5V 
16 
16384 xl 
MCM4517P12 
120 
+5V 
16 
16384 xl 
MCM4517P15 
150 
+5V 
16 
16384 xl 
MCM4517P20 
200 
+5V 
16 


65536 x 1 
MCM6664API51 
150 
+5V 
16 


65536 xl 
MCM6664AP201 
200 
+5 
V 
16 


65536 xl 
MCM6665API5 
150 
+5 
V 
16 
65536 xl 
MCM6665AP20 
200 
+5 
V 
16 
65536 xl 
MCM6664BPI51• 
150 
+5 
V 
16 
65536 xl 
MCM6664BP201• 
200 
+5 
V 
16 
65536 xl 
MCM6665BP15' 
150 
+5 
V 
16 
65536 x 1 
MCM6665BP20' 
200 
+5 
V 
16 


Access Time 
No. of 
Organization 
Part Number 
(ns maxi 
Pins 


2048 x 8 
MCM6116P12 
120 
24 
2048 x B 
MCM6116P15 
150 
24 
2048 x B 
MCM6116P20 
200 
24 
4096 x 1 
MCM6147P55 
55 
18 
4096 x 1 
MCM6147P70 
70 
18 


*To 
be Introduced. 


(Not all speed selectIons shown) 


, Motorola's 
innovative pin 11 refresh 


Memory 
Selector 
Guide 


New Motorola memories are being introduced continually. 


This selector guide lists all those available as of November 
1983. For later releases, additional technical information 
or 


pricing, contact your nearest authorized Motorola distributor 
or Motorola sales office. 


Access Time 
No. of 


Organization 
Part Number 
(ns max) 
Pins 


128x8 
MCM6810 
450 
24 
128x8 
MCM68Al0 
360 
24 
128x8 
MCM68Bl0 
250 
24 
1024 x 4 
MCM2114P20 
200 
18 
1024 x 4 
MCM2114P25 
250 
18 
1024 x 4 
MCM2114P30 
300 
18 


1024 x 4 
MCM2114P45 
450 
18 


1024 x 4 
MCM21 L14P20 
200 
18 
1024 x 4 
MCM21 L 14P25 
250 
18 
1024 x 4 
MCM21 L14P30 
300 
18 


1024 x 4 
MCM21 L 14P45 
450 
18 
2048 x 8 
MCM2016HP45 
45 
24 
2048 x 8 
MCM2016HN45 
45 
242 


2048 x 8 
MCM2016HY45 
45 
242 


2048 x 8 
MCM2016HP55 
55 
24 
2048 x 8 
MCM2016HN55 
55 
242 


2048 x 8 
MCM2016HY55 
55 
242 


2048 x 8 
MCM2016HP70 
70 
24 
2048 x 8 
MCM2016HN70 
70 
242 


2048 x 8 
MCM2016HY70 
70 
242 


16384 xl 
MCM2167HP35 
35 
20 
16384 xl 
MCM2167HL35 
35 
20 


16384 xl 
MCM2167HZ35 
35 
20 
16384 xl 
MCM2167HP45 
45 
20 
16384 x 1 
MCM2167HL45 
45 
20 


16384 xl 
MCM2167HZ45 
45 
20 


16384 xl 
MCM2167HP70 
70 
20 


16384 x 1 
MCM2167HL70 
70 
20 
16384 x 1 
M CM2167HZ70 
70 
20 


EPROMs 
MOS EPROMs 


Access Time 
Power 
No. of 


Organization 
Part Number 
(ns maxI 
Supplies 
Pins 


B192 x 8 
MCM68764C 
450 
+5 
V 
24 
8192 x 8 
MCM68768C 
450 
+5 
V 
24 


8192 x 8 
MCM68768C35 
350 
+5 
V 
24 


ROMs 
MOS STATIC ROMs (+5 
Volts) 


Access Time 
No. of 


Organization 
Part Number 
Ins max) 
Pins 


128x 
17x51 
MCM6670P 
350 
18 
128x 17x 51 
MCM6674P 
350 
18 


128xl9x71 
MCM66700P 
350 
24 
128xl9x71 
MCM66710P 
350 
24 
128xl9x71 
MCM66714P 
350 
24 
128xl9x71 
MCM66720P 
350 
24 


128xl9x71 
MCM66730P 
350 
24 
128 x 19x 71 
MCM66734P 
350 
24 
128 x 19x 71 
MCM66740P 
350 
24 
128 x 19x 71 
MCM66750P 
350 
24 


128x 
19x 71 
MCM66760P 
350 
24 


128x 
19x71 
MCM66770P 
350 
24 


128 x 19x 71 
MCM66780P 
350 
24 


128 x 19x 71 
MCM66790P 
350 
24 


Access Time 
No. of 


Organization 
Part Number 
Ins maxi 
Pins 


2048 x 8 
MCM68A316EP 
350 
24 


2048 x 8 
MCM68A316EP914 
350 
24 


4096x8 
MCM68A332P 
350 
24 


4096 x 8 
MCM68A332P24 
350 
24 


8192 x 8 
MCM68364P35 
350 
24 


8192 x 8 
MCM68364P35-34 
350 
24 
8192 x 8 
MCM68364P25 
250 
24 
8192 x 8 
MCM68364P20 
200 
24 


8192 x 8 
MCM68365P25 
250 
24 
8192 x 8 
MCM68365P35 
350 
24 
8192 x 8 
MCM68366P25 
250 
24 
8192 x 8 
MCM68366P35 
350 
24 


16384 x 8 
MCM63128P15 
150 
28 


16384 x 8 
MCM63128P20 
200 
28 
32768 x 8 
MCM63256P15 
150 
28 
32768 x 8 
MCM63256P20 
200 
28 


Access Time 
No. of 
Organization 
Part Number 
(ns maxi 
Pins 


256x4 
MCM14524 
1200 
16 
2048 x 8 
MCM65516P43 
430 
18 
2048 x 8 
MCM65516P43M8 
430 
18 
2048x8 
MCM65516P55 
550 
18 


3Character 
generators 
include 
shifted 
and 
unshifted 
characters. 


ASCII 
alphanumeric 
control, 
math, 
Japanese 
Bntlsh, 
German, 


European and French symbols. 


4Standard 
Patterns 
for MaS 
ROMs: 


MCM68A316EP91 
- 
Universal Code Converter and Character 


Generator 


MCM68A332P2 
- 
Sine/Cosine 
Look-Up 
Table 


MCM68364P35-3 
- 
Logi Antilog 
Look-Up 
Table 


MCM65516P43M 
- 
MC146805 
Monitor 
Program 
• 


• 


Logic and Special Function Products 


® MOTOROLA 


CMOS 


(LOW 
POWER 
COMPLEMENTARY 
MaS) 


QUAD AND HEX 
01A CONVERTERS 
The MCl44110 and MCl44111 are hex and quad static 0/ A converters 
realized 
in 
CMOS 
technology. 
Each 
converter, 
featuring 
6-bit 
resolution, consists of a 6-bit shift register, 6-bit latch, and a static 0/ A 


converter. 


• 
4/6 Direct R-2R Network Outputs 


• 
4/6 Emitter Follower Outputs 


• 
MPU Compatible 
Input Levels 


• 
Senal Data Input 


• 
Data Cascade Output 


• 
Wide Operating Voltage Range of 4.5 to 15 Vdc 


MCl44110 
P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
707·02 


MCl44111 
P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


PIN ASSIGNMENTS 


BLOCK 
DIAGRAM 
18 
Din 
VDD 
VDD 
EFt 
RNt 
EFn 
RNn 
EFt 
17 
Dout 


I r-l 
RNt 
16 
RN6 


I I 
I 
EF2 
4 
~ 
15 
EF6 


I I 
I 
R:-J2 
; 
t4 
RN5 


U 
I I 
I 


EF3 
6 
::;: 
13 
EF5 


I I 
I 


RN3 
t2 
RN4 


EN 
8 
11 
EF4 
I I 
I 


VSS 
9 
10 
CL 
EN 
I I 
I 
I I 
I 


Din 
U 
LDout 
• 


Din 
VDD 


CL 
----- 
:J L-.J 
EFt 
Dout 


RNt 
RN4 


EF2 
; 
EF4 


Latch = Master Only 
U 


MSB = Shifted 
First 
RN2 
::;: 
RN3 


LSB = Shifted 
Las, 
EN 
EF3 


VSS 
CL 


® MOTOROLA 
MC145000 
MC145001 


MULTIPLEXED LCD DRIVERS 
MASTER AND SLAVE 


The MC145000 IMaster) 
LCD Driver and the MC145001 (Slave) LCD 


Driver are CMOS devices designed to drive liquid crystal displays in a 
multiplexed-by-four 
configuration. 
The 
Master 
unit 
generates 
both 
frontplane 
and backplane waveforms, 
and is capable of independent 
operation. 
The Slave unit generates only frontplane waveforms, 
and is 
synchronized 
with the backplanes from the Master unit. Several Slave 


units may be cascaded from the Master unit to increase the number of 
LCD segments driven in the system. The maximum 
number of front- 


planes is dependent 
upon 
the capacitive 
loading 
on the backplane 
drivers 
and 
the 
drive 
frequency. 
The 
devices 
use 
data 
from 
a 
microprocessor 
or other serial data and clock source to drive one LCD 
segment per bit. 


• 
Microprocessor 
Compatibility 


• 
Serial Data, Externally Clocked 


• 
Multiplexing-By-Four 


• 
Net dc Drive Component 
Less Than 50 mV 


• 
Master Drives 48 LCD Segments 


• 
Slave Provides Frontplane Drive for 44 LCD Segments 


• 
Drives Segments Up to one Square Centimeter 10.155 Square 
Inches) 


• 
Display Operating 
Frequency = 250 Hz Maximum 


• 
Supply Voltage Range = 3 V to 6 V 


• 
Latch Storage of Input Data 


• 
Low Power Dissipation 


• 
Logic Input Voltage Can Exceed VDD 


• 
Accomodates 
External Temperature 
Compensation 


• 
24-Pin DIP Configuration 
Master 


• 
1B-Pin DIP Configuration 
- 
Slave 


MULTIPLEXED 
LCD DRIVERS 


MASTER 
AND 
SLAVE 


~ 
.- 


i 


24 
24, 


1 
1 
U 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
700 


~'lS~ 


1S ~Y'I~~P 
n1fH1pu 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
726 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
707 


T 
Suffix Denotes 
L L 
Ceramic Package 
P 
Plastic 
Package 


VDD 
OSCOU! 


OSCin 
Frame-Sync. 
Out 


Data Out 


Data Clock 


Data In 
SP1 


BP2 


BP3 


BP4 


FP12 


This device contains circuitry to protect the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages or electric fields; however. 
;t is ad- 
vised that 
normal 
precautions 
be taken 
to 
avoid application of any voltage higher than 
maximum 
fated 
voltages 
to 
this 
high 
im- 


pedance 
circuit. 
For proper 
operation 
it is 
recommended 
that 
Vin 
and 
Vout 
be con- 


strained 
to 
the 
ranges 
VsssVoutSVOD 
and VSSSVinS 
15 V 


Unused inputs must always be tied to an ap- 
propriate logic voltage level. 


@ MOTOROLA 
MC145040 
MC145041 


CMOS LSI 


LOW-POWER 
COMPLEMENTARY 
MOS 
SILICON 
GATE 
ANALOG-TO-DIGITAL 
CONVERTER 
WITH 
SERIAL 
INTERFACE 


The MC145040 and MC145041 are low-cost B-bit AID 
Converters 
with 
serial 
interface 
ports 
to 
provide 
communication 
with 
microprocessors and microcomputers. 
The converters operate from a 
single power supply with a guaranteed linearity of ± Y, LSB over the 
full temperature range. No external trimming is required. 


The 
MC145040 requires an external clock 
signal lAID 
CLK) to 


operate the dynamic AID conversion sequence. The MC145041 has an 
internal clock and an end-of-conversion signal IEOC) is provided. 


• 
Conversion time ,; 32 I's 


• 
11 Analog Input Channels with Internal Sample and Hold 


• 
0- to 5-Volt Analog Input Range with Single 5-Volt Supply 


• 
Successive Approximation 
AID Technique Uses All Capactive 
DAC Structure 


• 
Ratiometric Conversion 


• 
Separate Vref and VAG Pins for Noise Immunity 


• 
Vref and VAG Adjustable for Reduced Input Range 


• 
No External Trimming Required 


• 
Direct Interface to Motorola SPI and National MICROWIRETMSerial 
Data Ports 


• 
TTL-Compatible 
Inputs May Be Driven With CMOS 


• 
CMOS or TTL Compatible Outputs 


• 
Very Low Reference C"rrent Requirement (10 I'AI 


• 
Low Power Consumption (12 mWI 


• 
Internal Test Mode for Self Test 


ANALOG- 
TO-DIGITAL 


CONVERTER 
WITH 
SERIAL 


INTERFACE 
-- 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
732·03 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
738-02 


MCHXXXX 


T sut 


t=FN 


Denotes 


Ceramic DIP 
Plasttc DIP 
Plastic Quad Package 


ANO 
1 


AN' 
2 
Mux Out 


AN2 
3 


AN3 
4 


AN4 
5 


AN5 
6 
Analog 


7 
Mu. 


AN6 


AN 
a 


ANa 
9 


AN9 
11 


AN10 
12 


Internal Test 
Vref-VAG 
Voltage 
of --2-- 


Din 


17 


Dout 
16 


CS 
15 


SCLK 
18 


AID 
CLK 
19 


MC145040 
Only 


EOC 
'9 


MC145041 
Only 


MICROWIRETM 
IS a trademark 
01 National 
SemIconductor 


ThiS document 
contains 
Information 
on a product 
under 
development. 
Motorola 
reserves 


the fight 
10 change 
or dlSCanilnue 
thiS product 
without 
notice 


• 


@ MOTOROLA 


The MC145157 and MC145158 are part of a family of CMOS Phase 
Lock Loop frequency synthesizer devices from Motorola. 
These devices 
utilize silicon-gate 
CMOS technology 
to achieve the operating speeds 
necessary for high-frequency 
operation. 
The family includes devices 
having serial, parallel, and 4-bit data bus programmable 
inputs. Options 
include single- or dual-modulus 
capability, transmit/receive 
offsets, and 
a choice of phase detector 
types. 


The 
MC145157 
and 
MC145158 
have 
fully 
programmable 
14-bit 
reference counters, as well as fully programmable 
+ N IMC145157) and 
+ N/ + A IMC1451581 counters. 
The counters are programmed 
serially 


through a common data input and latched into the app·ropriate counter 
latch, according 
to the last data bit (control 
bill entered. 
When combined with a loop filter and VCO, these devices can pro- 
Vide all 
the 
remaining 
functions 
for 
a PLL 
frequency 
synthesizer 


operating up to the device's frequency limit. For higher VCO frequency 
operation, 
a down 
mixer 
or a fixed-divide 
prescaler 
can be used 
between the VCO and the PLL for the MC145157 and a dual-modulus 
prescaler for the MC145158. 


• 
General Purpose Applications 
- 
CATV 
AM/FM 
Two-Way 
Radios 
TV Tuning 


Scanning 
Receivers 
Amateur 
Radio 


• 
Low Power Drain 


• 
3.0. to 9.0 V Supply Range 


• 
30 MHz TYPical Input Capability 
@ 5 V (fin Input) 


• 
Fully Programmable 
Reference and + N Counters 


• 
Reference Divider Range = 3 to 16383 


• 
+ N Range = 3 to 16383 for the MC145157 


• 
Dual Modulus 
Capability for the MC145158 


• 
fv and fr Outputs 


• 
Lock Detect Signal 


• 
"Linearized" 
Digital Phase Detector 


• 
Single Ended (Three-State) 
or Double-Ended 
Phase Detector 
Outputs 


• 
+ N Range 


• 
+ A Range 
o to 1023 for the MC145158 
o to 127 for the MC145158 


MC145157 
MC145158 


CMOS LSI 


(LOW-POWER 
COMPLEMENTARY 
MaS) 


SERIAL INPUT 
PLL 
FREQUENCY 
SYNTHESIZER 


~.~~.-~ 
~I,- I 
I 


16 
'I 


1 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXXlli 
Suffix 


L 
P 
C 


Denotes 


Ceramic Package 
Plastic Package 
Limited Operating 
Temperature 
Range 


PIN ASSIGNMENT 


MCl45157 


OSCin 
16 
</>R 


OSCout 
15 
</>V 


tv 
14 
REFout 


VDD 
13 
fR 


PDoul 
12 
StRout 


VSS 
11 
LE 


LD 
10 
Data 


fin 
9 
Clock 


OSCin 


OSCout 


tv 


VDD 


PDout 
5 


VSS 
6 


LD 
7 


tin 
8 


MCl45158 


16 
</>R 


15 
</>V 


14 
REFout 


13 
fR 


Modulus 
Control 
LE 


10 
Data 


9 
Clock 


BUFFERS/INVERTERS 


Device 
Number 
MC54/MC74 


HC04 
HCT04 
HCU04 
HC14 


HC125 
HC126 
HC240 
HCT240 


HC241 


HCT241 


HC242 
HC243 
HC244 
HCT244 


HC365 
HC366 
HC367 


HC366 
HC540 
HC541 
HC640 
HCT640 


HC643 
HCT643 


Hex Inverter 
Hex Inverter with LSTTL·Compatible 
Inputs 


Hex Unbuffered 
Inverter 


Hex Schmitt-Trigger 
Inverter 


Quad 3-$tate 
Noninverting 
Buffer 
Quad 3·$tate 
Noninverting 
Buffer 
Octal 3-$tate 
Inverting 
Buffer/Line 
Driver/Line 
Receiver 
Octal 3-$tate 
Inverting 
Buffer/Line 
Driver/Line 
Receiver with 


LSTTL-Compatible 
Inputs 
Octal 3-$1818 Noninverting 
Bufferl Line Driverl Line Receiver 


Octal 3·$tate Noninverting 
Bufferl Line Driverl Line Receiver with 
LSTTL-Compatible 
Inputs 


Quad 3-$tate 
Inverting 
Bus Transceiver 
Quad 3-$tate 
Noninverting 
Bus Transceiver 
Octal 3-$tate 
Noninverting 
Buffer/Line 
Driver/Line 
Receiver 
Octal 3·$tate 
Noninverting 
Buffer/Line 
Driver/Line 
Receiver with 
LSTTL-Compalible 
Inputs 


Octal 3-State 
Noninverting 
Bus Transceiver 
Octal 3-State 
Noninverting 
Bus Transceiver with 
LSTTL-Compatible 
Inputs 


Hex 3-State 
Noninverting 
Buffer with Common 
Enables 
Hex 3-State 
Inverting 
Buffer with Common 
Enables 
Hex 3-State 
Noninverting 
Buffer with Separate 2-B;t and 4·Bit Sections 


Hex 3-State 
Inverting 
Buffer with Separate 2-Bit and 4-Bit Sections 


Octal3-State 
Inverting 
Buffer/Line 
Driver/Line 
Receiver 
Octal 3-$tate 
Noninverting 
Buffer/Line 
Driver/Line 
Receiver 
Octal3-State 
Inverting 
Bus Transceiver 
Octal3~State 
Inverting 
Bus Transceiver with LSTTL-Compatible 
Inputs 


OctaI3-$tate 
Inverting and Noninverting 
Bus Transceiver 


Octal 3-5tate 
Inverting and Noninverting 
Bus Transceiver with 
LSTTL-Compatible 
Inputs 


Hex Inverting 
Buffer/Logic-Level 
Down 
Converter 
Hex Noninverting 
Buffer/Logic-Level 
Down Converter 


Functional 


Functional 
Equivalent 


Equivalent 
CMOS 
LSTIL 
Device 


Device 
MC1XXXX 
Direct 
Pin 
Number 
of 
54/74 
orCOXXXX 
Compatibility 
Pins 


LS04 
*4069 
LS/CMOS 
14 
LS04 
*4069 
LS/CMOS 
14 
* LS04 
4069 
LS/CMOS 
14 
LS14 
4564 
LS/CMOS 
14 


LS125 
LS 
14 
LS126 
LS 
14 
LS240 
LS 
20 
LS240 
LS 
20 


LS241 
LS 
20 


LS241 
LS 
20 


LS242 
LS 
14 
LS243 
LS 
14 
LS244 
LS 
20 
LS244 
LS 
20 


LS245 
LS 
20 
LS245 
LS 
20 


LS365A 
LS 
16 


LS366A 
LS 
16 
LS367A 
*4503 
LS/CMOS 
16 


LS366A 
LS 
16 


LS540 
LS 
20 
LS541 
LS 
20 
LS640 
LS 
20 
LS640 
LS 
20 


LS643 
LS 
20 


LS643 
LS 
20 


4049 
CMOS 
16 
4050 
CMOS 
16 • 


• 


HC 
HCr 
HCU 
HC 
HC 
HC 
HC 
HCr 
HC 
HCr 
HC 
HC 
HC 
HCr 


Device 
04 
04 
04 
14 
125 
126 
240 
240 
241 
241 
242 
243 
244 
244 


I Pins 
14 
14 
14 
14 
14 
14 
20 
20 
20 
20 
14 
14 
20 
20 


Quad Device 
· · 
· · 
Hex Device 
· · · · 
Octal Device 
· · · · 
· · 


Noninverting 
Outputs 
· · 
· · 
· · · 
Inverting Outputs 
· · · · 
· · 
· 
Single 
slage 
(unbuffered) 
· 


Schmitt 
Trigger 
· 


3·state 
Outputs 
· · · · · · · · · · 
Common 
Output 
Enables 
· · · · · · · 
Active-Low 
Output 
Enables 
· 
.. 
.. · · · · .. 
.. 


Active-High 
Output 
Enables 
· 
· · · · 
Separate 4- Bit Sections 
· · · · 
· · 
Separate 
2·Bit and 4·811 Sections 


Transceiver 
· · 
Direction 
Control 


Logic-Level 
Down Converter 


LsTTL-Compatible 
Inputs 
· 
· 
· 
· 


HC 
HCr 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HCr 
HC 
HCr 
HC 
HC 


Device 
245 
245 
365 
366 
367 
366 
540 
541 
540 
640 
643 
643 
4049 
4050 


, 
Pins 
20 
20 
16 
16 
16 
16 
20 
20 
20 
20 
20 
20 
16 
16 


Quad Device 
Hex Device 
· · · · 
· · 
Octal Device 
· · 
· · · · · · 
Noninverting 
Outputs 
· · · 
· 
· 
· · 
· 
Inverting Outputs 
· 
· · 
· · · · · 


Single Stage (unbuffered) 


Schmitt 
Trigger 


3-$1a1e Outputs 
· · · · · · · · · · · · · · 
Common 
Output 
Enables 
· · · · · · · · · · · · · · 
Active-Low 
Output 
Enables 
· · 
.. 
.. 
.. 
.. 
.. 
.. · · · · 
Active-High 
Output 
Enables 
Separate 4-8i1 Sections 
Separate 2-8i1 and 4·8it 
Sections 
· · 
Transceiver 
· · 
· · · · 
Direction 
Control 
· · 
· · · · 
Logic-Level 
Down 
Converter 
· · 
LsTTL-Compatible 
Inputs 
· 
· 
· 


GATES 


Device 
Number 
MC54/MC74 


HCoo 
HCToo 
HC02 
HC03 
HC08 


HClD 
HC11 
HC20 
HCn 
HC30 


HC32 
HC51 
<rHC58 
HC86 
HC132 


HC133 
HC266 
HC4oo2 
HC4075 
HC407S 


Quad 2-lnput 
NAND 
Gate 
Quad-2 
Input 
NAND 
Gate with 
LSTTL-Compatible 
Inputs 
Quad 2-lnput 
NOR Gate 
Quad 2-lnput 
NAND 
Gate with 
Open-Drain 
Outputs 
Quad 2-lnput 
AND 
Gate 


Triple 
3-lnput 
NAND 
Gate 
Triple 
3-lnput 
AND 
Gate 
Dual 4-lnput 
NAND 
Gate 
Triple 
3-lnput 
NOR Gate 
S-Input 
NAND 
Gate 


Quad 2-lnput 
OR Gate 
2-Wlde, 
2-lnput/2-Wide, 
3-lnput 
AND-OR-INVERT 
Gates 
2-Wide, 
2-lnput/2-Wide, 
3-lnput 
AND-OR 
Gates 
Quad 2-lnput 
Exclusive OR Gate 
Quad 2-lnput 
Schmitt-Trigger 
NAND 
Gate 


13-lnput 
NAND 
Gate 
Quad 2-1nput Exclusive NOR Gate 
Dual 4-lnput 
NOR Gate 
Triple 
3-lnput 
OR Gate 
S-Input 
NOR/OR 
Gate 


• Suggested 
alternative 


<r High-Speed 
CMOS 
design 
only 


Functional 
Equivalent 
LSTTL 
Device 
54/74 


LSoo 
LSoo 
LS02 
LS03 
LS08 


LSlD 
LS11 


LS20 
LS27 
LS30 


LS32 
LS51 
* LS51 
LS86 
LS132 


LS133 


* LS266 
* LS25 


Functional 
Equivalent 
CMOS 


Device 
MC1XXXX 
Direct 
Pin 


or CDXXXX 
Compatibility 


4011 
LS 
4011 
LS 
4001 
LS 


*4011 
LS 
4081 
LS 


4023 
LS 
4073 
LS 
4012 
LS 
4025 
LS 
4066 
LS 


4071 
LS 
*4506 
LS 


*4506 
4070 
4093 


LS 
LS 


LS 
LS/CMOS 


CMOS 
CMOS 
CMOS 


Number of 


Pins 


14 
14 


14 


14 


14 


14 
14 
14 
14 
14 


14 
14 
14 
14 
14 


16 
14 
14 


14 
14 
• 


HC 
HCr 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 


Device 
00 
00 
02 
03 
08 
10 
11 
20 
27 
30 


'Pins 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 


Single 
Device 
· 
Dual 
Device 
· 
Triple 
Device 
· 
· 
· 
Quad Device 
· 
· 
· 
· 
· 
NAND 
· 
· 
· 
· 
· 
· 
NOR 
· 
· 
AND 
· 
· 
OR 


Exclusive 
OR 


Exclusive 
NOR 
AND-DR-INVERT 
AND-OR 


2-lnput 
· 
· 
· 
· 
· 
3-lnput 
· 
· 
· 
4-lnput 
· 
8-lnput 
· 
13-lnput 


Schmitt 
Trigger Inputs 


LSTTL-Compatible 
Inputs 
· 
Open-Drain 
Outputs 
· 


HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
Device 
32 
51 
58 
86 
132 
133 
266 
4002 
4075 
4078 


'Pins 
14 
14 
14 
14 
14 
16 
14 
14 
14 
14 


Single Device 
· 
· 
· 
· 
Dual Device 
· 
Triple Device 
· 
Quad Device 
· 
· 
· 
· 
NAND 
· 
· 
NOR 
· 
· 
AND 
OR 
· 
· 
Exclusive 
OR 
· 
Exclusive 
NOR 
· 
AND-DR-INVERT 
· 
AND-OR 
· 
2-lnput 
· 
· 
· 
· 
· 
· 
3-lnput 
· 
· 
· 
4-lnput 
· 
8-lnput 
· 
13-lnput 
· 
Schmitt 
Trigger Inputs 
· 
LSTTL-Compatible 
Inputs 


Open-Drain 
Outputs 


SCHMITT 
TRIGGERS 


Device 
Number 
MC54/MC74 


HC14 
HC132 


Functional 


Equivalent 
LSTTL 


Device 
54174 


LS14 
LS132 


Functional 


Equivalent 
CMOS 
Device 
MC1XXXX 
Direct 
Pin 
or CDXXXX 
Compatibility 


4584 
LS/CMOS 
4093 
LS 


Number of 


Pins 


14 
14 


• 


BUS TRANSCEIVERS 


Device 
Number 
MC54/MC74 


HC242 
HC243 
HC245 
HCT245 


Function 


Quad 3·$tate 
Inverting 
Bus Transceiver 
Quad 3-$tate 
Noninverting 
Bus Transceiver 
Octal 3-$tate 
Noninverting 
Bus Transceiver 
Octal 3-$tat8 
Noninverting 
Bus Transceiver 
with 
LSTTL-Compatible 
Inputs 


Octal 3-$1818 Inverting 
Bus Transceiver 


Octal 3·$tate 
Inverting 
Bus Transceiver 


with 
LSTTL-Compatible 
Inputs 


Octal 3·$tate 
Inverting and Nonlnverting 
Bus Transceiver 
Octal 3-$tate 
Inverting and Nonlnverllng 
Bus Transceiver 


with 
LSTTL-Compatible 
Inputs 


Octal 3-5tat8 
Noninverting 
Bus Transceiver 
and 0- Type Flip-Flop 


Octal 3-$1818 Inverting Bus Transceiver 
and 0- Type Flip-FlOp 


Functional 


Functional 
Equivalent 


Equivalent 
CMOS 


LSTIL 
Device 


Device 
MC1XXXX 
Direct Pin 
Number of 


54/74 
or CDXXXX 
Compatibility 
Pins 


LS242 
LS 
14 


LS243 
LS 
14 


LS245 
LS 
20 
LS245 
LS 
20 


LS640 
LS 
20 


LS640 
LS 
20 


LS643 
LS 
20 
LS643 
LS 
20 


LS646 
LS 
24 


LS648 
LS 
24 


Device 
IPins 


Quad Device 
Octal Device 


Buffer 
Storage Capability 


Inverting Output 
Noninverting 
Output 


Common 
Output 
Enables 


Active~Low Output 
Enable 


Acttve-High 
Output 
Enable 


Direction 
Control 


LSTTL-Compatible 
Inputs 


LATCHES 


Device 
Number 
MC54/MC74 


HC75 
HC259 
HC373 
HCT373 


Functional 


Functional 
Equivalent 


Equivalent 
CMOS 
LSTTL 
Device 


Device 
MC1XXXX 
Direct Pin 
Number 
54/74 
orCDXXXX 
Compatibility 
of Pins 


LS75 
*4042 
LS 
16 
LS259 
*4099 
LS 
16 
LS373, LS573 
LS373 
20 
LS373, LS573 
LS373 
20 


LS533 
LS 
20 


LS533 
20 
LS373,LS573 
LS573 
20 


HC533 


HC563 
HC573 


Dual 2-Bit Transparent 
Latch 
8-8it 
Addressable 
Latch/l-of-8 
Decoder 
Octal 3-5tate 
Noninverting 
D· Type Transparent 
Latch 
Octal 3-5tate 
Noninverting 
0- Type Transparent 
Latch with 
LSTTL-Compatible 
Inputs 
Octal3-State 
Inverting O-Type 
Transparent 
Latch 


Octal 3-$t8te 
Inverting 0- Type Transparent 
Latch 


OctaI3·$tate 
Noninverting 
D-Type 
Transparent 
Latch 


Device 


IPins 


Single 
Device 
Dual Device 


Octal 
Device 


1-8it 
2-8it 
8-Bit 


Transparent 
Addressable 


Noninverting 
Outputs 
Inverting Outputs 


Common 
Latch 
Enable 
Active-Low 
Latch 
Enable 


Active-Low 
Reset 


3-State 
Outputs 
Common 
Output 
Enable; Active-Low 


LSTTL-Compatible 
Inputs 
• 


FLIP-FLOPS 


Functional 


Functional 
Equivalent 


Equivalent 
CMOS 


Device 
LSTIL 
Device 


Number 
Device 
MC1XXXX 
Direct 
Pin 
Number 


MC54/MC74 
Function 
54/74 
or CDXXXX 
Compatibility 
of Pins 


HC73 
Dual J-K 
Flip-Flop 
with 
Reset 
LS73A, 
"4027 
LS73A 
14 
LS107A 


HC74 
Dual D- Type 
Flip-Flop 
with 
Set and Reset 
LS74A 
4013 
LS 
14 


HC76 
Dual J-K 
Flip-Flop 
with 
Set and Reset 
LS76A, 
"4027 
LS76A 
16 
LS112A 


HC107 
Dual J-K 
Flip-Flop 
with 
Reset 
LS73A, 
"4027 
LS107A 
14 
LS107A 


HC109 
Dual J- R Flip- Flop with 
Set and Reset 
LS109A 
" 4027 
LS 
16 


HC112 
Dual J-K 
Flip-Flop 
with 
Set and Reset 
LS76A, 
"4027 
LS112A 
16 
LS112A 


HC113 
Dual J-K 
Flip-Flop 
with 
Set 
LS113A 
"4027 
LS 
14 
HC173 
Quad 3-State 
D-Type 
Flip-Flop 
with 
Common 
Clock and Reset 
LS173A 
4076 
LS/CMOS 
16 
HC174 
Hex D- Type 
Flip-Flop 
with 
Common 
Clock and Reset 
LS174 
4174 
LS/CMQS 
16 


HC175 
Quad D- Type Flip-Flop with Common 
Clock and Reset 
LS175 
4175 
LS/CMOS 
16 


HC273 
Octal 
D- Type 
Flip-Flop 
with 
Common 
Clock and Reset 
LS273 
LS 
20 


HC374 
Octal 3-5181e Noninverting 
D- Type Flip-Flop 
LS374, 
LS374 
20 
LS574 


HCT374 
Octal 3-5t81e Noninvertlng 
0- Type FlIp-Flop With 
LS374, 
LS374 
20 


LSTTL-Compatible 
Inputs 
LS574 
HC534 
Octal 3-State 
Inverting 
D- Type 
Flip-Flop 
LS534 
LS 
20 
HC564 
Octal 3-State 
Inverting 
D- Type 
Flip-Flop 
LS534 
20 


HC574 
Dctal3-State 
Noninverting 
D-Type 
Flip-Flap 
LS374, 
LS574 
20 


LS574 
HC646 
Octal 3-51ate 
Noninverting 
Bus TransceIver and D· Type Flip·Flop 
LS646 
LS 
24 
HC646 
Octal 
3·$1a1e 
Inverting 
Bus Transceiver 
and 
D- Type 
FlIp-Flop 
LS646 
LS 
24 


* Suggested alternatIve 


HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
Device 
73 
74 
76 
107 
109 
112 
113 
173 
174 


'Pins 
14 
14 
16 
14 
16 
16 
14 
16 
16 


Type 
J-K 
D 
J-K 
J-K 
J-K 
J-K 
J-K 
D 
D 


Dual 
Device 
· 
· 
· 
· 
· 
· 
· 
Quad 
Device 
· 
Hex 
Device 
· 
Octal 
Device 


Common 
Clock 
· 
· 
Negative- 
Transition 
Clocking 
· 
· 
· 
· 
· 
Postive- 
Transition 
Clocking 
· 
· 
· 
· 
Common, 
Active·Low 
Data 
Enables 
.. 


Noninverting 
Outputs 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Inverting Outputs 
· 
· 
· 
· 
· 
· 
· 
3-Slale 
Outputs 
· 
Common, 
Active-Low 
Output 
Enables 
.. 


Common 
Reset 
· 
· 
Active-Low 
Reset 
· 
· 
· 
· 
· 
· 
· 
Active·High 
Reset 
· 
Active-Low 
Set 
· 
· 
· 
· 
· 
Transceiver 


Direction 
Control 


LSTTL-Compatible 
Inpuls 


HC 
HC 
HC 
HCT 
HC 
HC 
HC 
HC 
HC 


Device 
175 
273 
374 
374 
534 
564 
574 
646 
646 


'Pins 
16 
20 
20 
20 
20 
20 
20 
24 
24 


Type 
D 
D 
D 
D 
D 
D 
D 
D 
D 


Dual Device 


Quad 
Device 
· 
Hex 
Device 
Octal Device 
· 
· 
· 
· 
· 
· 
· 
· 
Common 
Clock 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Negative- 
Transition 
Clocking 


Positive- 
Transition 
Clocking 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Common, 
Active-Low 
Data 
Enables 


Noninverting 
Outputs 
· 
· 
· 
· 
· 
· 
Inverting Outputs 
· 
· 
· 
· 
3-Slate 
OUlputs 
· 
· 
· 
· 
· 
· 
· 
Common. 
Active-Low 
Output 
Enables 
· 
· 
· 
· 
· 
· 
· 
Common 
Reset 
· 
· 
Active-Low 
Reset 
· 
· 
Active-High 
Reset 


Active-Low 
Set 


Transceiver 
· 
· 
Direction 
Control 
· 
· 
LSTTL-Compatible 
Inputs 
· 
These 
devices 
are identical 
in function 
and are different 
in pinout 
only: 
HC73 and HelD7 
HC76 and HC112 
HC374 and HC574 
HC534 and HC564 
• 


• 


DIGITAL DATA 
SELECTORS/MULTIPLEXERS 


Device 


Number 


MC54/MC74 


HC151 
HC153 
HC157 
HC158 
HC251 


HC253 
HC257 
HC298 
HC354 


Function 


8-lnput 
Data Selector/Multiplexer 
Dual4-lnput 
Data Selector/Multiplexer 
Quad 2-lnput 
Nonlnverting 
Data Selector/Multiplexer 


Quad 2-lnput 
Inverting Data Selector/Multiplexer 
a-Input 
Data Selector/Multiplexer 
with 3-$tate 
Outputs 


Oua14-lnput 
Data Selector/Multiplexer 
with 3·$tate 
Outputs 


Quad 2-lnput 
Data Selector/Multiplexer 
with 3·$tate 
Outputs 
Quad 2-1nput Data Selector/ Multiplexer 
with Output 
Latch 
8-lnput 
Data Selector/Multiplexer 
wIth Data and Address Latches 
and with 3-$tate 
Outputs 
8-lnput 
Data Selector/Multiplexer 
wIth Data and Address Latches 
and with 3-$t8te 
Outputs 


Functional 
Equivalent 
LSTTL 


Device 
54174 


LS151 
LS153 
LS157 
LS158 
LS251 


LS253 
LS257 
LS298 
LS354. 
, LS356 


, LS354. 


LS356 


Functional 
Equivalent 


CMOS 
Device 
MC1XXXX 
Direct 
Pin 
or CDXXXX 
Compatibility 


'4512 
LS 
4539 
LS/CMOS 


'4519 
LS 


'4519 
LS 


'4512 
LS 


'4539 
LS/CMOS 


'4519 
LS 
LS 


'4512 
LS354 


Number 


of Pins 


16 
16 


16 
16 


16 
16 
16 


16 


20 


Device 
IPlns 


Description 


HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 


151 
153 
157 
158 
251 
253 
257 
298 
354 
358 


16 
16 
16 
16 
16 
16 
16 
16 
20 
20 


One of 
One of 
One of 
One of 
One of 
One of 
One of 
One of 
One of 
One of 
8 Inputs 
4 Inputs 
two 4-blt 
two4·blt 
8 Inputs 
4 Inputs 
two4-blt 
two 4-blt 
8 Inputs 
8 Inputs 
's 
's 
words 
IS 
words 
15 
'S 
's 
words 
IS 
words is 
,s 
's 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 


Single Device 
Dual Device 
Quad DeVice 


Data Latch with Actlve- Low 


Latch 
Enable 


Common 
Address 
1-81t Binary Address 
2-Bit Binary Address 
3·Blt Binary Address 


Address Latch (Transparent) 
Address Latch (Non-transparentl 


Active-Low 
Address Latch Enable 


Output 
Latch with Active-Low 


Latch 
Clock 


Nonlnverting 
Output 
Inverting 
Output 


3-State 
Outputs 


Common 
Output 
Enable 
Active-High 
Output 
Enable 
ActIve-Low 
Output 
Enable 


DECODERS/ 
DEMULTIPLEXERS/ 
DISPLAY DRIVERS 


Device 
Number 
MC54/MC74 


HC42 
HC137 
HCI38 
HCT138 
HCl39 


HC147 
HC154 


HC237 
HC259 
HC4511 


Functional 


Functional 
Equivalent 


Equivalent 
CMOS 
LSTTL 
Device 


Device 
MC1XXXX 
Direct Pin 
Number of 
54/74 
orCDXXXX 
Compatibility 
Pins 


LS42 
"4028 
LS 
16 


LS137 
"4028 
LS 
16 
LSl38 
"4028 
LS 
16 


LSl38 
"4028 
LS 
16 
LSl39 
4556 
LS/CMOS 
16 


LS147 
LS 
16 
LS154, 
"4515 
LS154 
24 


" LSl59 
" LS137 
"4028 
LS 
16 
LS259 
"4099 
LS 
16 


" LS47, 
4511 
CMOS 
16 


" LS48, 


" LS49 


"LS154, 
4514, 
LS/CMOS 
24 


" LS159 
"4515 
" LS47, 
4543 
CMOS 
16 


" LS48, 
" LS49 


1-01-10 Decoder 
1-01-8 Decoder/Demultiplexer 
with Address Latch 


1-01-8 Decoder/Demultiplexer 
'·01-8 
Decoder/Demultiplexer 
with LSTTL-Compattble 
Inputs 


Dual 1-01-4 Decoder/Demultiplexer 


Decimal-la-BCD 
Priority Encoder 


1-01-16 
Decoder/Demultiplexer 


1-01-8 Decoder/Demultiplexer 
with Address Latch 
8-8it 
Addressable 
Latchl1·o1-8 
Decoder 
BCO-to-Seven-Segment 
Latch/Decoder/Display 
Driver 


• 


• 


Device 
HC42 
HC137 
HCl38 
HCT138 
HCl39 
HC147 


IPins 
16 
16 
16 
16 
16 
16 


Input Description 
BCD Address 
3-8it 
Binary 
3-Bil 
Binary 
3-Bit 
Binary 
2-Bit 
Binary 
Any 


Address 
Address 
Address 
Address 
Combination 
of 9 Inputs 


Output 
Description 
One of 10 
One of 8 
One of B 
One of B 
One of 4 
BCD Address 
of 
Highest 
Inpul 


Single Device 
· 
· 
· 
· 
· 
Dual Device 
· 
Address Input Latch 
· 
Active-High 
Latch Enable 
· 
Active-Low 
Latch Enable 


Active-Low 
Inputs 
· 
Active-Low 
Outputs 
· 
· 
· 
· 
· 
· 
Active-High 
Outputs 


Active-Low 
Output 
Enable 
· 
.. 
.. 
· 
Active-High 
Output 
Enable 
· 
· 
· 
Active-Low 
Reset 


Active-Low 
Blanking Input 


Active-Low 
Lamp·Test 
Input 


Phase Input 
(for 
LCD'sl 


LSTTL-Compalible 
Inputs 
· 


Device 
HCl54 
HC237 
HC259 
HC4511 
HC4514 
HC4543 


, 
Pins 
24 
16 
16 
16 
24 
16 


Input Description 
4-8it 
Binary 
3-8it 
Binary 
3-8it 
Binary 
BCD Data 
4-8it 
Binary 
BCD Data 


Address 
Address 
Address 
Address 


Output 
Description 
One of 16 
One of 8 
One of 8 
7-Segment 
One of 16 
7-Segmenl 
Display 
Display 


Single Device 
· 
· 
· 
· 
· 
· 
Dual Device 


Address Input Latch 
· 
· 
, · 
· 
Active-HIgh 
Latch Enable 
· 
· 
Active-Low 
Latch Enable 
· 
· 
Active-Low 
Inputs 


Active-Low 
Outputs 
· 
Active-High 
Outputs 
· 
· 
· 
· 
· 
Active-Low 
Output 
Enable 
.. 
· 
· 
· 
Active-High 
Output 
Enable 
· 
Active-Low 
Reset 
· 
Active-Low 
Blanking Input 
· 
· 
Active-Low 
Lamp-Test 
Input 
· 
Phase Input 
(for 
LCD's) 
· 
LSTTL-Compatible 
Inputs 


ANALOG SWITCHES/ 
MULTIPLEXERS/ 
DEMULTIPLEXERS 


Device 


Number 
MC54/MC74 


HC4016 
HC4051 
HC4052 
HC4053 
HC4066 


"'HC4351 
"'HC4352 
"'HC4353 


Function 


Quad Analog Switch/ Multiplexerl 
Demultiplexer 


8-Channel 
Analog Multiplexer/Demultiplexer 


Oual4-Channel 
Analog Multiplexer/DemultIplexer 


Triple 2-Channel 
Analog Multiplexer/DemultIplexer 
Quad Analog Switch/Multiplexer/Demultiplexer 
with Enhanced 


On· Resistance 
Linearity 


Quad Analog Switch/Multiplexer/Demultiplexer 
with Separate 


Analog and Digital Power Supplies 


8-Channel 
Analog Multiplexer/Demultiplexer 
with Address Latch 


Dual 4-Channel 
Analog 
Multiplexer/Demultiplexer 
with Address Latch 
Triple 2·Channel 
Analog Multiplexer/Demultiplexer 
with Address Latch 


• Suggested 
alternative 


'" High-Speed 
CMOS design only 


Functional 


Equivalent 
LSTIL 


Device 
54/74 


Functional 


Equivalent 
CMOS 


Device 
MC1XXXX 
Direct Pin 
or CDXXXX 
Compatibility 


4016,4066 
CMOS 


4051 
CMOS 


4052 
CMOS 


4053 
CMOS 
4066,4016 
CMOS 


'4051 
'4052 
'4053 


Number of 


Pins 


14 
16 
16 


16 
14 


• 


• 


Device 
HC4016 
HC4051 
HC4052 
HC4053 
HC4066 


'Pins 
14 
16 
16 
16 
14 


Description 
4 Independently 
A 3-Bit 
Address 
A 2-BIt Address 
A 3-Bit 
Address 
4 Independently 


Controlled 
Selects 
Selects 
Selects VarYIng 
Controlled 


Switches 
One of 8 
One of 4 
Combinations 
of 
Switches 
Switches 
SWitches 
the 6 Switches 


Single Device 
· 
Dual Device 
· 
Triple Device 
· 
Quad Device 
· 
· 


1-to-l 
Multiplexing 
· 
· 
2-to--l Multiplexing 
· 
4-to-l 
MUltiplexing 
· 
8-t0-1 
Multiplexing 
· 
Active-High 
ON/OFF 
Control 
· 
· 


Common 
Address Inputs 
· 
· 
2·Bit Binary Address 
· 
3-Bit Binary Address 
· 
· 
Address Latch with Active-Low 


Latch 
Enable 


Common 
Switch 
Enable 
· 
· 
· 
Active-Low 
Enable 
· 
· 
· 
Active-HIgh 
Enable 


Separate Analog and Control 
· 
· 
· 
Reference Power Supplies 


Switched 
tubs Ifor 
RON and 
· 
Prop. Delay Improvement) 


Device 
HC4316 
HC4351 
HC4352 
HC4353 


IPins 
16 
18 
18 
18 


Description 
4 Independently 
A 3-Blt 
Address 
A 2-Blt 
Address 
A 3- Bit Address 


Controlled 
Selects 
Selects 
Setects VarYing 


SWitches 
One of 8 
One of 4 
CombinatIons 
of 
(Has a separate 
SWItches. 
SWitches 
the 6 SWItches 
Analog Lower 
(Has an Address 
{Has an Address 
(Has an Address 


Power 
Supply) 
Latch) 
Latch) 
Latch) 


Single DevIce 
· 
Dual Device 
· 
Triple Device 
· 
Quad Device 
· 
1-to-l 
Multiplexing 
· 
2~t0-1 Multiplexing 
· 
4-t0-1 
Multiplexing 
· 
8-t0-1 
MUltiplexing 
· 
Active-High 
ON/OFF 
Control 
· 
Common 
Address Inputs 
· 
· 
2-Blt Binary Address 
· 
3- Bit Binary Address 
· 
· 
Address Latch WIth Active-Low 
· 
· 
· 
Latch 
Enable 


Common 
Switch 
Enable 
· 
.. 
.. 
.. 


Active-Low 
Enable 
· 
· 
· 
· 
Active-High 
Enable 
· 
· 
· 
Separate Analog and Control 
· 
· 
· 
· 
Reference 
Power Supplies 


Switched 
tubs Ifor 
RON and 


Prop. Delay Improvement) 


SHIFT 
REGISTERS 


Device 
Number 
MC54/MC74 


HC164 
HCl65 
HCI66 
HCI94 
HC195 


HC299 
<tHC589 


Function 


8-Bit Serial~lnput/Parallel-Output 
Shift Register 
8-Bit Senal- or Parallel-lnput/Serial-Output 
Shift Register 
8-Bit Serial- or Parallel-lnput/Senal-Output 
Shift Register with Reset 
4-8it 
Bidirectional Universal Shift Register 


4-Bit Universal Shift Register 


8-Bit Bidirectional Universal Shift Register with 3-State 
Parallel Outputs 
8-Bit Serial- or Parallel-lnputfSerial-Output 
Shift Register with 
3-State 
Output 
8-Bit Serial-Input/Serial· 
or Parallel-Output 
Shift RegIster with 


Latched 
3-State 
Outputs 
8-Bit 
Serial- or Parallel·lnput/Serial-Output 
Shift Register with 
Input Latch 


Oual4-Bit 
Serial·lnput/Parallel-Output 
ShIft Register 


Functional 
Functional 
Equivalent 
Equivalent 
CMOS 
LSTTL 
Device 
Device 
MC1XXXX 
Direct 
Pin 
Number 
of 
54/74 
orCDXXXX 
Compatibility 
Pins 


LS164 
"4034 
LS 
14 
LS165 
"4021 
LS 
16 


LS166 
"4021 
LS 
16 


LS194A 
4194 
LS/CMOS 
16 
LS195A 
"4035 
LS 
16 


LS299 
LS 
20 
" LS597 
16 


LS595 
"4034 
LS 
16 


LS597 
LS 
16 


4015 
CMOS 
16 


Device 


'Pins 


4-8it 
Register 


8~8it Register 


Serial Data Input 
Parallel Data Inputs 


Serial Output 
Only 


Parallel Outputs 
Inverting Output 
NOnlnverting Output 


Senal Shift/Parallel 
Load Control 
Shifts One Direction Only 
Shifts Both Directions 


Positive- Transition Clocking 
Active-High 
Clock 
Enable 


Input Data Enable 
Data Latch with Active+High 


Latch 
Clock 


Output 
Latch with Active-High 
Latch 
Glock 


3-State 
Outputs 
Active-Low 
Output 
Enable 


Active-High 
Reset 


Active-Low 
Reset 


HC4015 


16 


• 


• 


COUNTERS 


Functional 
Functional 
Equivalent 
Equivalent 
CMOS 
Device 
LSTTL 
Device 
Number 
Device 
MC1XXXX 
Direct Pin 
Number 
of 


MC54/MC74 
Function 
54/74 
orCDXXXX 
Compatibility 
Pins 


HC90 
4-51age 
Binary Ripple Counter with 
: 2 and 
5 Sections 
LS90 
LS 
14 
HC92 
4-51age 
Binary Ripple Counter with 
-;- 2 and 
-;- 6 SectIons 
LS92 
LS 
14 


HC93 
4-5tage 
Binary Ripple Counter with 
-;- 2 and 
-;- 8 SectIons 
LS93 
LS 
14 


HCl60 
Presettable 
BCD Counter with Asynchronous 
Reset 
LS160A 
4160 
LS/CMOS 
16 


HC16l 
Presettable 4- Bit Binary Counter with Asynchronous 
Reset 
LS161A 
4161 
LS/CMOS 
16 


HC162 
Presettable 
BCD Counter with Synchronous 
Reset 
LS162A 
4162 
LS/CMOS 
16 


HCl63 
Presettable 4-811 Binary Counter with Synchronous 
Reset 
LS163A 
4163 
LS/CMOS 
16 


HC190 
Presettable 
BCD Up/Down 
Counter 
LS190 
'4510 
LS 
16 


HC191 
Presettable 4-8i1 Binary Up/Down 
Counter 
LS191 
'4516 
LS 
16 
HC192 
Presettable 
BCD Up/Down 
Counter with Reset 
LS192 
'4510 
LS 
16 


HC193 
Presettable 4-8i1 Binary Up/Down 
Counter with Reset 
LS193 
'4516 
LS 
16 


HC390 
Dual 4-5tage 
Binary Ripple Counter with 
-;- 2 and 
-;- 5 Sections 
LS390 
LS 
16 
HC393 
Dual 4-Stage 
Binary Ripple Counter 
LS393 
'4520 
LS 
14 
HC4017 
Decade Counter/Divider 
4017 
CMOS 
16 
HC4020 
14-Stage 
Binary Ripple Counter 
4020 
CMOS 
16 


HC4024 
7-Stage 
Binary Ripple Counter 
4024 
CMOS 
14 
HC4040 
12-Slage 
Binary 
Ripple Counter 
4040 
CMOS 
16 
HC4060 
14-Stage 
Binary Ripple Counter with Oscillator 
4060 
CMOS 
16 
HC4518 
Dual BCD Counter 
4518 
CMOS 
16 
HC4520 
Dual 4-Bit Binary Counter 
4520 
CMOS 
16 


• Suggested alternative 


HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
Device 
90 
92 
93 
160 
161 
162 
163 
190 
191 
192 


'Pins 
14 
14 
14 
16 
16 
16 
16 
16 
16 
16 


Single 
Device 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Dual Device 


Ripple 
Counter 
· 
· 
· 
Number 
of Ripple Counter 
4 
4 
4 
Internal 
Stages 
Number 
of Stages 
with 
4 
4 
4 
Available 
Outputs 


Count 
Up 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Count Down 
· 
· 
· 
4-Bit 
Binary Counter 
· 
· 
· 
· 
BCD Counter 
· 
· 
· 
· 
· 
Decimal Counter 


Separate + 2 Section 
· 
· 
· 
Separate 
+ 5 Section 
· 
Separate + 6 Section 
· 
S"""rate 
+ B Section 
· 
On-Chip 
Oscillator 
Capability 


Separate 
Count-Up 
and 
· 
Count-Down 
Clocks 


Count 
Up/Count 
Down 
· 
· 
Control Input 


Positiv&- Transition 
Clocking 
· 
· 
· 
· 
· 
· 
· 
Negative- 
Transition 
Clocking 
· 
· 
· 
Active-High 
Clock 
Enable 
Active-Low 
Clock 
Enable 


Active-High 
Count 
Enable 
.. 
.. 
.. 
.. 


Active-Low 
Count 
Enable 
· 
· 
Active-High 
Set 
· 
Active-High 
Reset 
· 
· 
· 
· 
· 
· 
· 
· 
4-Bit 
Binary 
Preset 
Data Inputs 
· 
· 
· 
BCD Preset 
Data Inputs 
· 
· 
· 
· 
Active-Low 
Load Preset 
· 
· 
· 
· 
· 
· 
· 
Carry Output 
· 
· 
· 
· 
· 
· 
· 
Borrow Output 
· 
Ripple 
Clock 
Output 
· 
· 


II 


HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
Device 
193 
390 
393 
4017 
4020 
4024 
4040 
4060 
4618 
4520 


IPins 
16 
16 
14 
16 
16 
14 
16 
16 
16 
16 


Single 
Device 
· 
· 
· 
· 
· 
· 
Dual 
Device 
· 
· 
· 
· 
Ripple 
Counter 
· 
· 
· 
· 
· 
· 
Number of Ripple Counter 
4 
4 
14 
7 
12 
14 
Internal Stages 
Number 
of Stages 
with 
4 
4 
12 
7 
12 
10 
Available 
Outputs 


Count 
Up 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Count Down 
· 
4-8it 
Binary Counter 
· 
· 
· 
BCO Counter 
· 
· 
Decimal 
Counter 
· 
Separate 
: 2 Section 
· 
Separate 
-+ 5 Section 
· 
Separate 
-+ 6 Section 
Separate + 8 Section 


On-Chip 
Oscillator 
Capability 
· 
Separate 
Count-Up 
and 
· 
Count-Down 
Clocks 


Count Up/Count 
Down 
Control 
Input 


Positive- Transition 
Clocking 
· 
· 
· 
· 
Negative-Transition 
Clocking 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Active-High 
Clock 
Enable 
· 
· 
· 
Active- Low 
Clock 
Enable 
· 
· 
· 
Active-High 
Count 
Enable 


Active-Low 
Count 
Enable 


Active-High 
Set 
Active-High 
Reset 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
4·8it 
Binary Preset Data Inputs 
· 
BCD Preset Data Inputs 


Active-Low 
Load 
Preset 
· 
Carry Output 
· 
Borrow Output 
· 
Ripple 
Clock 
Output 


MONOSTABLE 
MULTIVIBRATORS 


Device 
Number 
MC54/MC74 


HC123 


Functional 
Equivalent 


LSTTL 
Device 
54/74 


LS123 


Function 


Dual 
Retriggerable 
Monostable 
Multivibrator 


Functional 


Equivalent 
CMOS 


Device 
MC1XXXX 
Direct 
Pin 
or CDXXXX 
Compatibility 
·4538, 
LS 
·4528 
·4538, 
LS 
·4528 
·4538 
LS 
·4528 
4538, 
CMOS 
4528 


Number 
of 


Pins 
16 


Device 


IPins 


Dual Device 


Precision 
Pulse Width 


Retriggerable 
Positive- Transition Trigger 


Negative- 
Transition 
Trigger 
Active-Low 
T rigger Enab~ 
Active-High 
Trigger 
Enable 


Active-Low 
Reset 
Triggerable 
by Reset Pin 


Inverting Output 


Noninverting 
Output 


HC453ll 
16 


HC423 
16 


• 


ARITHMETIC 
CIRCUITS 


Device 


Number 


MC54/MC74 


HC85 
HC1S1 
HC1S2 
HC280 
HC283 


Functional 


Equivalent 


LSTIL 
Device 


54/74 


LS85 
LS1S1 
LS1S2 
LS280 
LS283. 
LS83 


LS688 
LS688 


4-Bit Magnitude 
Comparator 
4-Sit 
Arithmetic 
Logic 
Unit 
Carry Lookahead 
Generator 
9-Bit 
Odd/Even 
Parity 
Generator/Checker 
4-Bit 
Binary 
Full Adder 
with 
Fast Carry 


Functional 
Equivalent 


CMOS 
Device 


MC1XXXX 
Direct 
Pin 
or CDXXXX 
Compatibility 


*4585 
LS 


4581 
LS/CMOS 
4582 
LS/CMOS 
*4531 
LS 


4008 
LS283 


Number 
of 


Pins 
16 
24 
16 


14 
16 


MISCELLANEOUS 
DEVICES 


Functional 


Functional 
Equivalent 


::quivalent 
CMOS 
Device 
LSTTL 
Device 
Number 
Device 
MC1XXXX 
Direct Pin 
Number 
01 
MC54/MC74 
Function 
54/74 
orCOXXXX 
Compatibility 
Pins 


HC292 
Programmable 
Frequency 
Divider I Digital 
Timer 
LS292 
LS 
16 


HC294 
Programmable 
FreQuency Divider/Digital 
Timer 
LS294 
LS 
16 


HC4046 
Phase-Locked 
Loop 
" LS297 
4046 
CMOS 
16 


• Suggested 
alternative 


LSTTL INPUT-COMPATIBLE 
DEVICES 


Functional 
Functional 
Equivalent 
Equivalent 
CMOS 
Device 
LSTTL 
Device 
Number 
Device 
MC1XXXX 
Direct Pin 
Number 
of 
MC54/MC74 
Function 
54/74 
or CDXXXX 
Compatibility 
Pins 


HCTOO 
Quad 2-lnput 
NAND 
Gate with 
LSTTL-Compatible 
Inputs 
LSOO 
4001 
LS 
14 


HCT04 
Hex Inverter 
with 
LSTTL-Compatible 
Inputs 
LS04 
"4069 
LS/CMOS 
14 


HCT34 
Hex Buffer 
with 
LSTTL-Compatible 
Inputs 
LS07 
"4060 
LS 
14 


HCT138 
l-ol-B 
Decoder/Demultiplexer 
with 
LSTTL-Compatible 
Inputs 
LSl38 
"4028 
LS 
16 


HCT240 
Octal 3-5tate 
Inverting 
Buffer/Line 
Driver/Line 
Receiver with 
LS240 
LS 
20 


LSTTL-Compatible 
Inputs 


HCT241 
Octal3-State 
Noninverting 
Buffer/Line 
Driver/Line 
Receiver with 
LS241 
LS 
20 
LSTTL-Compatible 
Inputs 


HCT244 
Octal3-State 
Noninverting 
Buffer/Line 
Driver/Line 
Receiver with 
LS244 
LS 
20 


LSTTL-Compatible 
Inputs 


HCT245 
Octal 3-5tate 
Noninverting 
Bus Transceiver with 
LS245 
LS 
20 


LSTTL-Compatible 
Inputs 


HCT373 
Octal3-State 
Noninverting 
D· Type Transparent 
Latch with 
LS373. 
LS373 
20 


LSTTL-Compatible 
Inputs 
LS573 
HCT374 
Octal 3-State 
Noninverting 
D-Type 
Flip-Flop 
with 
LS374. 
LS374 
20 


LSTTL-Compatible 
Inputs 
LS574 


HCT640 
Octal3-State 
Inverting Bus Transceiver with LSTTL~Compatible 
Inputs 
LS640 
LS 
20 


HCT643 
Octal 3-State 
Inverting and Noninverting 
Bus Transceiver with 
LS643 
LS 
20 


LSTTL-Compatible 
Inputs 


HCT688 
8-Bit 
Equality 
Comparator 
with 
LSTTL-Compatible 
Inputs 
LS688 
LS 
20 


• Suggested 
alternative 
• 


• 


Development Systems and 
Board-Level Products 


I 


MOTOROI.A 


MICROCOMPUTER 
DEVELOPMENT 
SYSTEMS 


The VME/1 0 Microcomputer 
System is a compact yet pow- 
erful 
desktop 
designer's 
workstation 
that can be used for 
developing 
advanced 
microprocessor-based 
systems 
using 
Motorola's 
8-bit and 16-bit families 
of microprocessors, 
mi- 


crocomputers, 
and peripheral 
components. 


MAJOR BENEFITS 


• 
Provides 
Efficient Design Support for M6800 and M68000 
MPU Families 


• 
Excellent 
Development 
Software 
Complement 


• 
Customizable 
Through 
VMEbus 
and 1/0 Channel for End 
Applications 


• 
Multi-mode 
Graphics 
Hardware 
with 
Both 
Monochrome 
and Color Options. 


The VME/10 
Microcomputer 
System 
combines 
the flexi- 
bility of a customizable 
workstation 
with the attributes 
of a 
powerful 
development 
support 
system 
that let the system 
integrator or OEM design an end product with the same hard- 
ware 
and software 
that 
can eventually 
constitute 
the end 


system 
itself. 
With 
appropriate 
interfaces 
and peripherals, 


these systems 
may be specialized 
designers' 
workstations, 


or perhaps 
front-end 
processors 
associated 
with larger ex- 


ternal 
equipments 
such 
as factory 
automation 
systems 
or 
large complex 
medical diagnostic 
instruments, 
In addition to 
raw processing 
power, these small but capable systems have 
the flexibility 
for just the right I/O and performance 
improve- 
ment features 
for dedicated, 
user-defined 
systems. 


BASIC DESIGN FEATURES 


• 
MC68010 
16/32-bit Microprocessor 
Unit 


• 
MC68451 
Memory 
Management 
Unit 


• 
Industry-standard 
VMEbus 
interface 
with full bus arbitra- 
tion logic and software 
controllable 
interrupter. 


• 
I/O Channel 
Interface for adding off-board 
resources 
such 
as AID converters, 
serial and parallel 
I/O ports, etc. 


• 
384K Byte Dynamic 
RAM (multiported 
between 
graphics 
controller 
and local bus, and VMEbus). 


• 
8K Byte Static RAM for storage of user-definable 
character 
sets and display 
attributes. 


• 
Two 28-pin 
sockets 
for ROM/PROM/EPROM 
storage 
of 
up to 64K bytes for custom applications. 


• 
Battery 
backed-up 
time-of-day 
clock 
with 
50 
bytes 
of 
CMOS RAM storage. 


• 
15" video display having the following software controllable 
display formats: 
1. 25 lines by 80 characters 
- 
8 x 10 characters 
with 
descenders 
(10 x 12 character 
field) 
2. 800 x 300 pixel for low resolution 
graphics 
3. 800 x 600 pixel for medium 
resolution 
graphics 
4. Pixel graphics 
with overlaid 
character 
displays 


• 
Monochrome 
video 
display 
standard, 
with 
7-level 
gray 
scaling 
(color optional). 


• 
Detachable 
full ASCII keyboard 
with cursor control keys, 


numeric 
pad and 16 function 
keys. 


• 
Mass Storage SUbsystem providing 
both 5V4' Floppy Disk 
and 5V4' Winchester 
Disk Storage 
Units. 


Floppy 
Disk 
1 Mbyte Unformatted 
Capacity (655K Byte Formatted) 


Winchester 
Disk 
Choice 
of: (a) 6.38 Mbyte 
Unformatted 
Capacity 
(5 
Mbyte Formatted) 
(b) 
19.1 Mbyte Unformatted 
Capacity 
(15 
Mbyte Formatted) 


• 
Card cage options for feature expansion 
capability. 
Choice of: (a) Five I/O Channel Card Cage Slots (with 
6.38 Mbyte Winchester 
option) 
(b) Five VMEbus 
Card Cage 
Slots with 
VMEbus 
backplane, 
plus 
four 
I/O 
Channel 
Slots (with 19.1 Mbyte Win- 
chester option) 


• 
Conformance 
to ergonomic 
standards 
applicable 
to video 
display 
and keyboard, 


• 
VERSAdos 
Real-Time, 
Multitasking 
Operating 
System 
with 
M68000 
Family 
Macro 
Assembler, 
plus 
tools 
and 
utilities. 


• 
Capability 
of hosting hardware 
development 
tools 
HDS-400 
for M68000 
Family 16/32-bit Emulation 
HDS-200 
for M6800 Family 8-bit Emulation 
Bus State Analyzer 
for Logic Analysis 
Functions 
II 


• 


MOTOROLA 


MICROCOMPUTER 
DEVELOPMENT 
SYSTEMS (continued) 
• 


.~~ 
"-'-. 
,- 
~I 


• 
Complete 
Development 
System for MC68000 
MPU 


• 
Up to Eight User Stations 


• 
Multi-Processor 
Bus Arbitration 


• 
Multi-Tasking 
Real-Time 
Operating 
System 


• 
Resident 
Pascal High-Level 
Language 


• 
Diagnostic 
Firmware 


• 
Up to 192 Megaby1e Fixed/Removable 
Hard Disk 


• 
And Up To 2 Megaby1e Dual Drive Floppy Disk 


• 
Provisions 
For Future 32-Bit Microprocessors 


• 
Optional 
Cross-Development 
Software 
for 8-Bit MPUs 


The EXORmacs 
Development 
System is a state-of-the-art 
instrument 
for designing 
and 
developing 
advanced 
16-bit 
microprocessor 
based 
systems 
using 
Motorola 
families 
of 
microprocessors, 
microcomputers, 
and peripheral components. 


Coupled with the Motorola HDS-400 Microprocessor 
Hard- 
ware/Software 
Development 
Station 
it is also ideally suited 
for developing 
applications 
using 
the 
VERSAmoduie 
and 
VMEmoduie 
families 
of 16-bil board level application 
prod- 
ucts and accessories. 
Designed 
for flexibility 
and ease of use, the EXORmacs 
Development 
System takes advantage 
of the power and fea- 
tures of the MC68000 
microprocessor 
unit (MPU). It reduces 
cost and development 
time by incorporating 
features 
which 
support 
16-bit and future 32-bit microprocessor 
designs, 
as 
well as providing high-level 
language support through Pascal 
and FORTRAN. 
With an appropriate 
number of accessories, 


such 
as terminals, 
multiple-channel 
communications 
mod- 
ules and hardware 
development 
stations, 
up to eight users 
may simultaneously 
develop 
and debug M68000 programs. 


System Expansion Modules 


Multichannel 
Communications 
Module 
(MCCM) - 
M68KMCCM 


VERSAbus 
Adapter 
Module 
VERSAbus 
RAM 128K By1e 
VERSAbus 
RAM 256K By1e 
VERSAbus 
RAM 512K By1e 
VERSAbus 
Extender 
VERSAbus 
Wirewrap 


- 
M68KVAM 
- 
M68KVM10-3 
- 
M68KVM11-1 
- 
M68KVM 11-2 
- 
M68KEXTM 
- 
M68KWW 


EXORmacs Basic System Configurations 


• 
Hardware 
Chassis 
- 
with 
Power 
Supply 
and 
15-slot 
Backplane 
Resident 
Module Complement 
MC68000 
MPU/MMU 
Module 
DEbug Module 
256K Dynamic 
RAM 
Disk Controller 
Module 


• 
Software 
System V/68 Operating 
System Software 
M68000 
System V/68 OS 
M68000 C Language 
Compiler 
Assembler 
and Linker 
Instrumentation 
Support 
Utilities 
VERSAdos 
Software 
Development 
Tools 
VERSAdos 
Operating 
System 
CRT Editor 
Macro Assembler 
Linkage 
Editor 
Symbolic 
Debug 


• 
Peripherals 
EXORterm 
155 Display Console 
Choice of Mass Storage: 
1 Megaby1e Floppy Disk 
8/8 Megaby1e Hard Disk 
25/25 Megaby1e Hard Disk 
16/16 Megaby1e Hard Disk 
16/80 Megaby1e Hard Disk 


The EXORset 163/165 microcomputer 
system is ideal for the devalop- 
ment of microprocessor 
software as well as for applications 
in the indu- 
strial, 
educational 
and general 
purpose 
environment. 
Mass storage 
capacity 
and access times, operating 
system performance 
place the 
EXORset 
163/165 
into 
a 
leading 
position 
among 
today's 
and 
tomorrow's 
microcomputers. 
The best hardware 
is useless without 
state-of-the-art 
software. 
Moto- 
rola has implemented 
OS-9, a UNIX-like operating system on the EXOR- 
set. With OS-9 you can write high performance 
application 
software 
efficiently. 
Some of its major advantages 
are: 
- 
Realtime, mUltitasking 
operation 
- 
Tree-structured, 
multi-level disk directory 
Device independent, 
interrupt-driven 
I/O 
Dynamic memory allocation 
Powerful Shell command 
interpreter 
with I/O redirection 
UNIX-like 
Support of Motorola 
S-Records. 
The EXORset system provides all this with a straightforward, 
simplified 
approach to application 
software development 
and hardware/software 
integration, 
testing and debugging. 
One compact, 
desk top unit offers 
not only high performance 
for control and data manipulation, 
but also 
offers a complete 
user interface 
plus optional 
mass storage on floppy 
disk. Optional 
OEM configurations 
are available 
by contacting 
your 
local Motorola 
sales office. 


M6809SET163 
EXORset 163 microcomputer 
system 
with 
10 Mbyte 
Winchester, 
655 Kbyte floppy 
disk, MC6809 processor, 
1 Serial port 
(RS232C, 422, 423) 5O-192Kband, 1 parallel port (Centronics), OS-9 ope- 
rating 
system, 
assembler, 
screen 
editor, 
interactive 
debugger, 
BASIC09. 
M6809SET165 
EXORset 
165 microcomputer 
system. 
Same 
as 
M6809SET163 
but with 
2 floppy 
disk 
(total 
1.2MB) and without 
Winchester 
disk. 
• 


• 


M68000 
System Development Software 


SYSTEM V/68 AND VERSAdos OPERATING SYSTEMS 


System V/68 


The System V/68 Operating 
System is the standard 
UNIX- 
derived 
Operating 
System 
for the M68000 
family of micro- 
processors. 
II offers a small compact 
kernel. which provides 
process 
scheduling 
·and I 0 facilities 
to all programs. 
In ad- 
dition. a powerful 
command 
shell for interactive 
system con- 
trols and an extensive 
set of utility programs 
tor many tasks. 


such as program 
development. 
text processing. 
electronic 
mail. and networking 
support 
are included. 


Host Systems 


The System 
V 68 Operating 
System 
IS available 
as the 
host environment 
on Motorola 
development 
systems. 
The 


EXORmacs 
is a multiuser 
system capable 
of supporting 
up 
to eight 
users 
simultaneously. 
The 
VME 10 System 
is a 
single-user 
system. 
Hard disk is required 
for System 
V 68. 


Future Motorola Microsystems 
development 
systems will also 
be supported 
by the System V 68 Operating 
System. 


Instrumentation Support 


Communications 
support for the Motorola HDS-400 
Hard- 
wale 
Development 
Station is included 
In System V 68. This 
provides 
customers 
with the full system development 
capa- 
bility (both hardware 
and software) 
that they have come to 
expect from Motorola. 


Languages 


As an integral part of System V 68. C Language is offered. 


C Language 
has developed 
Into one of the most popular 
commercial 
programming 
languages. 
and IS used frequently 
in developing 
portable 
application 
software. 
System 
V 68 
offers significant 
enhancements 
to C Language. 
along With 
several new language utilities. CXREF. a new cross reference 
program. 
and CFLOW. a new flow analySIS program. are Just 
two of the new utilities offered. 
System V 68 also includes 
a 


FORTRAN 
77 compiler as well as an M68000 assembler 
and 
linker loader. 


Programmer's Workbench 


The Programmers 
Workbench 
utilities support 
the devel- 
opment of large software 
systems 
In a profeSSional manner. 


They include the Source Code Control System (SCCS). which 
provides 
faCilities to store. update 
and retrieve all verSions 
of source 
code 
modules; 
YACC. which 
generates 
parsers; 


LEX. which builds lexical analyiers; 
and other utilities which 
enhance 
programmer 
productivity 
and the quality of work. 


VERSAdos 


The 
M68000 
Real-time 
Operating 
System 
(VERSAdos) 


provides complete 
real-time. multitask support for the EXOR- 


macs User. Features 
included 
in the VERSAdos 
are: 


• 
Real-time 
multitasking 
executive 


• 
Device independent 
I 0 


• 
Floppy and hard disk support 


• 
Sequential. 
random. and index sequential 
file capabilities. 


CRT Text Editor 


The EXORmacs 
CRT-oriented 
Text Editor runs under the 
supervision 
of the Operating 
System 
and provides 
the ca- 
pability 
to create 
and modify 
source 
programs. 
The editor 
supports 
both command 
and cursor editing. utiliZing the cur- 


sor. control characters 
and function 
keys of the EXORterm 
155. 


Structured Assembler 


The M68000 Structured Macro Assembler translates source 
statements 
Intq relocatable 
machine 
code. assigns 
storage 
locations to Instructions 
and data. performs aUXiliary assem- 
bler actions 
designated 
by the programmer. 
and optionally 
produces 
a cross-reference 
listing. The M68000 reSident as- 
sembler 
Includes 
macro and conditional 
assembly 
capabili- 


ties plus certain control constructs 
that permit structured 
pro- 


gramming 
at the assembly 
language 
level 


Linkage Editor 


The Linkage 
Editor prOVides the capability 
of merging two 
or more separately-compiled 
object units Into a loadable ob- 
Ject module file. 


Symbolic Debug 


The SYMbug A program IS used to debug other programs. 


whose 
source 
code 
may 
have 
been 
written 
In Motorola- 


prOVided assembler 
language. 
for execution 
on the M68000. 


The language 
processors. 
In cooperation 
With the Linkage 


Editor. supply symbolic 
information 
to SYMbug 
A. ThiS per- 
mits 
the user 
to describe 
the debugging 
requirements 
to 
SYMbug 
In terms close to the language 
In which the source 


program was written. 


Pascal Compiler (Optional) 
M68KOPASCALH 


Pascal is a block structured 
high order language 
that pro- 
motes 
good 
programming 
technique. 
IS self-documenting. 
and simplifies 
program 
writing. 


FORTRAN Compiler 
(Optional) 
M68KOFORTRNH 


Motorola's 
FORTRAN 
exceeds ANSI FORTRAN 77 subset 
language 
specification. 
prOViding 
real-time 
processing 
capabilities. 


Control Station 
M68KHDS402 
M68KHDS402A 


Family Board 
M68KHDS 16FB 


Emulators 
M68000HDS4 
M68008HDS4-8 
M68010HDS4-8 


Software 
M68KHDS4-XX 


MOTOROLA 
MICROCOMPUTER 
DEVELOPMENT 
SYSTEMS (continued) 


HDS·400 
MICROPROCESSOR 
HARDWARE/SOFTWARE 
DEVELOPMENT 
STATION 
Design Features 


• 
12.5 MHz Real-Time 
Emulation 
for MC68000 
MPUs 


• 
10 MHz 
Real-Time 
Emulation 
with 
no Wait 
Cycles 
for 
MC68000 
MPUs 


• 
8.0 MHz Emulation 
for MC68008 
and MC68010 
MPUs 


• 
No User Target System 
Restrictions 


• 
32K bytes of 10 MHz No Wait Cycle 
Emulation 
RAM is 


Standard 


• 
Emulation 
RAM Expandable 
to 64K, 128K or 256K bytes 


• 
Full Symbolic 
Debug with EXORmacs 
and VME/1 0 Hosts 


• 
Unrestricted 
User Memory 
Map 


• 
One-Line 
Assembler/Disassembler 


• 
Automatic 
Self-Test 
of Development 
Station Hardware 


• 
M68KHDS400 
Interfaces 
with 
EXORmacs 
Development 
System 


• 
M68KHDS400A 
Interfaces with Motorola VME/1 0 and DEC 
VAX Hosts 


• 
Compatible 
with Real-Time 
Bus State Analyzer 


Major Benefits 


• 
Reduces 
Development 
Costs 


• 
Shortens 
Product 
Development 
Cycle 


• 
Brings Product to Market Faster 


• 
Versatility 
Protects 
Against Obsolescence 


The HDS-400 
Microprocessor 
Hardware/Software 
Devel- 
opment 
Station, 
in conjunction 
with a Motorola 
EXORmacs 
Development 
System or VME/10 
Microcomputer 
System, or 
a DEC VAX Computer, 
provides 
a complete 
hardware/soft- 
ware development 
system 
for the Motorola 
M68000 
family 
of microprocessors. 
It consists 
of a Control 
Station, with all 
the support circuitry for complete 
MPU emulation, 
and a sep- 
arate 
Emulator 
Module 
with an internal 
microprocessor 
to 
match the particular 
MPU it is expected 
to emulate. 


Two key capabilities 
of the HDS-400 
make it very useful 
as a systems development 
tool. The first is the ability to serve 
as a fUlly functional 
substitute 
for the selected 
MPU in the 
user's target system. By plugging the HDS-400 into the socket 
on the prototype 
hardware, 
it allows efficient testing and de- 
bugging 
of both hardware 
and software. 
The second capa- 
bility is the rapid debug and integration 
of the target system 


for the production 
of prototypes. 
This is accomplished 
by the 
use of the powerful 
set of commands 
in the HDS-400. 
The 
user may execute the commands 
by either entering the com- 
mand code and its parameters, 
or by sequentially 
depressing 
function 
keys which provide a "fill-in-the-blanks" 
format with 
parameters 
such- as file name, address, 
data, etc. When a 
single 
function 
key 
or a combination 
of function 
keys 
is 
pressed, 
a command 
code is automatically 
generated 
and 
the command 
syntax is displayed 
by the system. 


Typical System Configuration 


The HDS-400 Hardware/Software 
Development 
Station in- 
cludes a four-slot 
Control 
Station with a built-in 30 A power 
supply and an Emulator 
Module for the specific 
MPU which 
will be used in the target system. Emulators 
are available for 
the MC68000, 
MC68008, 
and MC68010 
MPUs. 


The HDS-400 
has been partitioned 
with options 
and part 
numbers 
that give the user versatility 
in defining 
the devel- 
opment 
system 
configuration. 
The 
user may choose 
from 
three host computers 
EXORmacs, 
VME/1 0, or DEC VAX with 
a variety of operating 
systems. 
Each of the HDS-400 Control 
Stations 
IS delivered 
pre-wired 
to accept the optional 
Emu- 
lation Memory Module and the Real-Time Bus State Analyzer 
(BSA). 
EXORterm 
155 
is required 
in HDS-400 
systems 
hosted by the EXORmacs 
and the VAX. The VME/10 
func- 


tions as both host and terminal 
to the HDS-400, 
eliminating 
the need for a separate 
terminal 
in VME/10-based 
systems. 


System Performance 


The HDS-400 
Development 
Station, when substituted 
for 


the MPU chip in the target system being debugged, 
performs 
the functions of the microprocessor 
being emulated -.exactly 
as the MPU would have performed 
were it still in the circuit 
being tested. The emulator 
provides the interfacing 
with the 
RAM, ROM, and I/O devices and operates at the same speed 
as the MPU. There are no restrictions 
on the use of emulation 
memory 
that are not imposed 
by the MPU itself, and the 
memory 
may be mapped to the target system or to the em- 
ulator module. 
The standard 32K bytes of emulation 
RAM provided 
in the 
Family Interface Module may be expanded 
with one of three 
optional 
Emulation 
Memory Modules. The three memory ex- 
pansion modules available increase the 10 MHz no wait cycle 
emulation 
RAM to 64K, 128K or 256K bytes. 
• 


• 


MOTOROLA 
MICROCOMPUTER 
DEVELOPMENT 
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HII.-200----'···- 
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Control Station 
M68HDS202 


Emulators 
M6804P2HM 
M6805P234HM 
M6805RU23HM 
M6805S2HM 
M6805T2HM 
M 146805E2HM 
M 146805F2HM 
M 146805G2HM 


HDS·200 
MICROCOMPUTER 
HARDWARE/SOFTWARE 
DEVELOPMENT STATION 


Design Features 
• 
Real-time 
emulation 
for M6804/M680S/M14680S 
MCUs. 


• 
Sixteen programmed 
breakpoints. 


• 
Prioritized 
breakpoints. 


• 
Line-by-line 
assembler/disassembler. 


• 
Program 
trace commands. 


• 
Commands 
displayed 
for operator 
HELP 
• 
Memory 
map display. 


• 
Macro commands 
stored for re-use. 


• 
Transparent 
mode for host communication. 


• 
Emulates 
more than 20 MCUs. 


Operating Features 
• 
Compatible 
with 
EXORmacs, 
EXORciser 
and EXORset 
software 
development 
systems. 


• 
Low cost. 


• 
Stand alone operation - 
frees software development 
sys- 
tem for parallel use. 


• 
Easy to use. 


• 
Operates 
with any standard 
RS-232C 
terminal 
and most 
host systems. 


The 
HDS-200 
Hardware 
Development 
System, 
in con- 
junction with a Motorola EXORset, EXORmacs 
or EXORciser 
software 
development 
system, 
provides 
a complete 
hard- 
ware/software 
development 
system for the Motorola M6804/ 


M680S/M14680S 
families 
of microprocessors. 
It consists 
of 
a Control Station, with all the functionai 
circuitry to complete 
MCU emulation, 
and a separate 
Emulator 
Module 
with an 
internal 
microcomputer 
and memory 
capacity 
to match that 
of the particular 
MCU it is expected 
to emulate. 


Two major factors contribute 
to the HDS-200's 
usefulness 
as a systems development 
tool. The first is the ability to serve 
as a fUlly functional 
substitute 
for the selected 
MCU in the 
target system. 
By plugging 
the HDS-200 
into the socket on 
the prototype hardware, 
it allows efficient testing of hardware 
as well as software debugging. 
The second factor is its pow- 
erlul 
list of analysis 
commands. 
These 
easy-to-use, 
plain 
language 
commands 
enable 
the user to rapidly debug, 
in- 
tegrate the target system and produce 
prototype 
systems. 


Systems Development and Integration 
The initial 
stages 
of developing 
an MCU-based 
system 


normally involve two parallel, rather independent, 
efforts. One 
is the hardware 
design 
- 
the other 
the software 
design. 


These 
efforts 
are frequently 
accomplished 
by two aifferent 
teams of personnel, 
resulting in debugging 
problems that are 
often difficult 
<1tldtime-consuming. 
The HDS-200 
simplifies 
this process because 
of its ability to bring the hardware 
and 
software 
development 
processes 
into intimate 
relationship 
with each other throughout 
the development 
cycle. Moreover, 
with the HDS-200 
it becomes 
economically 
feasible 
to test 
alternate 
design approaches 
in order to determine 
the best 
solution. 


The complete 
HDS-200 
Hardware/Software 
Development 
System 
consists 
of three 
separate 
items - 
the HDS-200 
Control 
Station, 
the Emulator 
Module, 
and an associated 
Firmware 
Cartridge. 


HDS-200 Control Station 
The station contains an internal power supply, logic circuits, 


clock 
and an MC6809 
MPU. 
The 
MPU 
runs the monitor, 


controls 
the ports and interlaces 
with the emulators. 
It has 
two RS-232C 
communication 
ports for interconnecting 
with 
a host computer 
and a suitable terminal. 
Another cable con- 
nects the station to an associated 
outboard Emulator Module. 


The Emulator Module 
The module's 
output 
to the user's 
system 
is by a short, 


noisefree 
ribbon cable terminating 
in a plug to mate with the 
target hardware 
MCU socket. The emulator contains the tar- 
get processor 
and various 
I/O interlaces 
to provide 
a com- 
patible link between the Control Station and target hardware 
MCU/MPU 
socket. 


Different modules are available for specific microprocessor 
family types. The various 
MCU Emulator 
Modules 
available 
include the M6804, M680S, M6870S, and M14680S families. 
Each module comes with a matching Firmware Cartridge and 
an emulator 
cable/connector 
assembly. 


The Firmware Cartridge 
Paired 
with each 
Emulator 
Module 
is a small 
cartridge 
which is easily plugged 
into the HDS-200 
station. This car- 
tridge contains 
the necessary 
programs 
on ROM to enable 
the HDS-200 
to adapt 
to the specific 
"personality" 
of the 
selected 
MCU type. 


MOTOROLA 
MICROCOMPUTER 
DEVELOPMENT 
SYSTEMS (continued) 


The Real-Time 
Bus State Analyzer 
(BSA) is a highly in- 


telligent 
diagnostic 
tool that is designed 
specifically 
for use 
wifh microprocessors. 
It consisfs 
of a Control 
Module 
plus 
one of several 
"Personality 
Modules." 
The Control 
Module 
contains 
the analyzer 
hardware, 
control 
firmware, 
and I/O 
ports. The Personality 
Modules 
interface 
to selected 
MPU 
MCU. EXORbus, or VERSAbus 
signals. The BSA stores data 
which appears on between 
55 and 79 different 
lines. 


In order to facilitate the gathering of pertinent data trom the 
MPU/MCU 
or bus, a set of qualified 
triggering 
modes 
are 
provided. These modes can be broken into three categories: 
Continuous 
Trace Mode, Sequential 
Trigger Mode, and Win- 


dow Trigger 
Mode. 


CONTINUOUS 
TRACE MODE samples signals and stores 


signal 
information 
continuously 
on each occurrence 
of the 
clocking 
signal. It is primarily 
a default mode which the BSA 
automatically 
enters 
when power is first applied. 
There are 
no qualifications 
for the BSA to begin gathering 
information, 


so it will always 
be storing 
the signal 
states. 
This default 
mode is particularly 
useful when a sudden catastrophic 
failure 
occurs during a debugging 
session, 
before the user is able 
to configure 
the BSA. It is very likely that the events leading 
up to the failure will be stored In the BSA's trace store buffer. 


SEQUENTIAL 
TRIGGER 
MODE requires 
that a series of 
events 
occur 
before 
the 
instrument 
triggers 
and 
starts 
to 
gather data; or conversely 
triggers and stops gathering 
data. 


Sequence 
Terms, as these events are called, must occur in 
order 
of specification, 
or triggering 
will 
not take 
place. 
A 
Sequence 
Reset Term can also be specified to reset the BSA 
and cause the instrument 
to begin looking for the Sequence 
Terms 
again. 
Sequential 
triggering 
will be most useful 
for 
debugging 
complex 
software, 
including 
loops, 
nested 
sub- 


routines and complex 
branches. 


WINDOW 
TRIGGER 
MODE provides a means of causing 
signal states to be stored if address 
accesses 
occur inside 
or outside of a parficular 
address range. Both the upper and 
lower bounds of the range are programmable, 
and the size 
IS variable 
from 
a single 
address 
to the full range 
of the 
memory 
map. Window 
triggering 
is useful for following 
pro- 
grams 
that suddenly 
and unexpectedly 
leave the memory 
area in which they should be operating. 
It is also applicable 
for observing access violations in a multiple user environment. 


SOFTWARE 
PERFORMANCE 
HISTOGRAMS 
are also 
provided 
to give an indication 
of the relative 
frequency 
of 
memory accesses within a particular memory range, with the 
exact range specified 
by the user. This histogram 
provides 


a means of determinin~ 
where a program spends the greatest 
amount of time. The resulting 
information 
can then be used 
to compress 
inefficient 
code. A hardware 
performance 
his- 
togram is provided 
to display the relative frequency 
of com- 
binations of four user-selected 
signals within a user system. 


In order to service these triggering 
modes and provide 
a 
complete 
set of operating 
features, 
an MC6809 
micropro- 
cessor is located on the Control Module with local intelligence 
running 
from an operating 
system 
based in ROM. This op- 
erating 
system 
provides 
the data 
analysis 
and formatting 
functions 
for the operator 
including the interface to the hard- 
ware sampling 
the bus. 


To reduce 
system 
redundancy, 
the terminal 
used by the 
operator 
to communicate 
with the development 
system will 
also serve to link him to the intelligence 
aboard the analyzer 


(it is a requirement 
of the CRT -based 
analyzer 
operating 
system that the terminal 
used be an EXORterm 
155 Display 
Console). 
This communication 
will be achieved 
by means of 
a phantom or transparent 
serial link feeding from the terminal 
through the Bus State Analyzer control board and then to the 
normal 
terminal 
input channel 
of the development 
system. 
The logic onboard 
the BSA determines 
whether 
the infor- 
mation traveling over the link is destined for the development 
system, the Bus State Analyzer 
or the terminal. 
ThiS allows 
the operating 
system 
or the user's 
software 
to run In the 
development 
system while analysis is being performed. 
Ad- 
ditionally, 
a means 
is provided 
for the BSA to operate 
in a 
stand-alone 
mode with only a terminal 
connected. 


Part Number 
Description 


M68BSAC 
BSA Control Module for use with BSA 
Personality 
Modules 


M68BSACE 
BSA Control ModUle with Enclosure 


M68BSA1-1 
BSA Personality 
Module for MC68000. 
MC68010 
and MC68451 


M68BSA2 
BSA Personality 
Module for MC6800. 


MC6809, 
and MC6829 


M68BSA3 
BSA Personality 
Module for MC68008 


M68BSA4 
BSA Personality 
Module for MC6801 
and 
MC68120 


M68BSA5 
BSA Personality 
Module for VERSABus 


M68BSA6 
BSA Personality 
Module for EXORbus • 


• 


MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS 


A series of inexpensive 
evaluation 
modules 
are available 
for 
Motorola's 
line 
of 
microprocessors 
and 
microcomputers. 


Evaluation 
modules 
allow the user to prepare, 
debug, 
and 
run software in the resident microcomputer. 
Even though the 
cost is low, an onboard 
ROM contains 
extensive 
commands 
for controlling 
1/0 and debug operations, 
including 
down-up 
load S-record 
transfers. 


Memory, 
internal 
registers, 
and 1/0 registers 
may be dis- 
played and modified. 
Program execution 
may be traced one 
step at a time or breakpoints 
may be inserted 
tor program 
interruption. 
Circuitry 
and firmware 
are included to allow the 
MCU's EPROM to be programmed. 


MC68000 Educational Computer Board 
MEX68KECB 
The MC68000 
Educational 
Computer 
Board (ECB) serves 
as an economical 
introduction 
to systems 
based 
on the 
M68oo0 family of microcomputer 
products. 


The ECB is based around 
a 4 MHz MC68000 
MPU. Also 
provided are 32K bytes of RAM, arranged 
as 16K x 16. The 
firmware 
is contained 
in two 8K by 8 ROMs, 
addressed 
as 
an 8K by 16 block of memory. Two RS-232C serial ports are 
implemented 
with MC6850 
ACIA's 
and an MC14411 
baud 
rate generator, 
allowing 
selection 
of data rates from 110 to 
9600 baud. 
One of the M68000 peripherals, 
the MC68230 
Parallel In- 
terface 
and Timer 
(p11T), provides 
a Centronix-type 
parallel 
printer 
interface 
and an audio cassette 
interface. 
An audio 
cassette 
recorder 
may be used to store and retrieve 
user 
programs. 
The ECB uses a terminal, interfaced via one RS-232C port. 


Also, a small wirewrap 
area is provided for system 1/0 mod- 


ification and buffering. 


MC6801 Evaluation Module 
MEX6801 EVM 
The MC6801 
Microcomputer 
Evaluation 
Module is a com- 
pic'tely self-contained 
microcomputer 
on a single printed cir- 
cuit card, providing the user with the means of evaluating 
the 
MC6801 microcomputer. 
As configured, 
the MC6801 may be 
evaluated in the Single-Chip 
mode by attaching an RS-232C- 
compatible 
terminal 
to the serial port of the module. 
Thus, 


the minimum functioning 
system consists of only the MC6801 
and an MC1488 
and MC1489 
(RS-232C 
interface). 


In the Expanded 
mode, the customer 
may add an ACIA, 


PTM, 4K bytes 
RAM or 2K EPROM 
and a programmable 
gate array for address 
configuration. 


LOW COST 
MPU/MCU 
EVALUATION MODULES 


MC68701 Programming Module MEX6801 EV1 
This module has the same features as the MC6801 module 
but is also populated 
with an MC68701, 
2K bytes of RAM. 


a programmed 
gate array, and a DEbug monitor (PRObug) 


which 
also 
provides 
the 
programming 
~apability 
for 
the 
MC68701 
EPROM 
device. 
It. also, can be used to evaluate 
the MC6801 
microcomputer. 


MC68120 Evaluation Module 
M68120EVM 
The M68120 
Evaluation 
Module is designed 
to assist the 
potential user of an MC68120 Intelligent Peripheral Controller 
(IPC) chip in developing 
software, 
performmg 
limited CirCUit 


emulation" 
and operating 
as a serially-linked 
design 
on an 
EXORbus 
compatible 
board format. 


All 
data 
communications 
are 
accomplished 
via 
two 
RS-232C ports. Consequently. 
the Evaluation module can be 
operated 
in a stand-alone 
configuration 
with 
only 
power 
brought in on the EXORbus connector. 
An optional operating 
configuration 
allows 
the M68120 
Evaluation 
Module 
to be 
plugged into an EXORciser 
II or an EXORmacs 
VERSAbus 
System via a VERSAbus 
Adapter 
Module 
(VAM). The dual- 


ported 128-byte RAM can then be mapped into a local map 
or system map. 


There is 4K of RAM populated on the board local bus along 
with decoding 
to permit an additional 
4K RAM to be imple- 


mented 
in the user wirewrap 
area. 
The RAM allows 
user 
software 
development 
and debug for future programming 
of 
2K, 4K. and 8K EPROMs 
to be inserted 
on the M68120 


Evaluation 
Module. 
The Module 
has 64K bytes of address 


space on the local bus and 256 bytes 01 address 
space on 
the system bus. 


MC68705 Evaluation Module 
M68705EVM 
MC1468705 Evaluation Module M1468705EVM 
Operation 
of an MC68705 
or MC1468705 
IS Simulated by 


the resident MC6805 or MC146805 
MCU. Data transfer wlthm 
the EVM is controlled 
by the monitor ROM firmware. 
In turn. 


this ROM is controlled 
from an external 
RS-232C compatible 
user terminal. 
User object code may be down-loaded 
to the 
user program 
RAM via the host port: a cassette 
port IS also 
provided for this purpose. 
The host and terminal 
port ACIAs 


are baud rate strap-selectable 
from 110 bps to 19.2 Kbps In 
eighf steps. 


The MCU parallel 
I 0 ports allow the user to connect 
ex- 


ternally to the simulated 
MCU 1/0 lines. These lines are also 
used to control the MC68705 
or MC1468705 
MCUs on-chip 
EPROM programmer. 
This is accomplished 
by inserting 
the 
MCU into fhe programmer 
socket and executing 
the appro- 


priate monitor commands. 


MOTOROLA 
MICROCOMPUTER 
DEVELOPMENT 
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EXORsetlOO 


EXORset 100 Features 


• 
MC6609 
high performance 
microprocessor. 


• 
Full ASCII Keyboard 
with 16 user-definable 
function keys. 


• 
12" CRT displaying 
22 lines of 60 characters, 
or switch able 
to 16 lines of 40 characters 
and/or full graphics. 
2K bytes 
of static RAM are included for CRT character 
refresh. 


• 
56K bytes of RAM and three sockets for up to 24K bytes 
of EPROM/ROM. 


• 
Three card slots for EXORciser/Micromodule 
boards, four 
if no disk controller 
needed. 


• 
Printer interface. 


• 
Serial I/O port. 


• 
EXORbug 
monitor/debug 
ROM 
included. 
An additional 
EPROM/ROM 
soc~et is available 
if user does not require 
EXORbug. 


• 
Triple 16-bit programmable 
counter/timer 
included with in- 
put Gate and Clock signals 
and output signals 
available 
to the user. 


• 
Meets FCC compliance 
for a Class A computing 
device. 


A High Performance Processor 


The EXORset 
controller 
is based on the new generation 
16/6-bit microprocessor 
MC6609. 
The expanded 
instruction 
set, addressing 
modes, 
and architecture 
make execution 
of 
software 
particularly 
efficient 
and allow 
sophisticated 
pro- 
gramming 
techniques 
such as structured 
programming, 
po- 
sition 
independent 
code, 
re-entrant 
routines 
and real-time 
operations. 
These capabilities 
make the 6609 microprocessor 
suitable for high-level 
language 
program development. 


A CRT Display and Keyboard 


The EXORset 
unit provides the user with a complete 
man/ 


machine 
interface 
consisting 
of a full-size 
ASCII 
keyboard 
and 16 user-assigned 
function keys and a high resolution 
12" 


CRT display capable 
of displaying 
22 lines of 60 or 16 lines 
of 40 upper or lower case characters 
and simultaneously 
a 
full 320 x 256 dot graphic 
image. 


Memory Flexibility 


The EXORset controller 
allows for flexibility in the type and 
amount of memory 
to be used in the application. 
Three ver- 
sions are available 
that provide 
optional 
amounts 
of mass 
storage: 
no floppy 
disk drives, 
with one double-sided 
mini- 
floppy disk drive for 160K bytes of mass storage and with two 
disk drivels for 320K bytes of mass storage. All three versions 
include 2K bytes of dynamic 
RAM for CRT character 
refresh, 


56K bytes of dynamic RAM and three strappable 
sockets that 
can be configured 
for 1K, 2K, 4K or 6K ROMs or EPROMs. 


A fourth socket, 
normally 
containing 
the 4K EXORbus 
firm- 
ware, can be configured 
for a user-designed 
monitor routine. 
The EXORset 
memory 
map is defined 
by PROMs, 
allowing 
the user to easily reconfigure 
the architecture 
of the system. 


Optional configurations 
information 
is available by contacting 
your local Motorola 
sales office. 


On-Board Input/Output Ports 


The 
EXORset 
unit provides 
three 
on-board 
inpuVoutput 
ports. 
An asynchronous 
serial 
communication 
port is pro- 
vided with strap-selectable 
interface options of RS-232C, RS- 
422 or RS-423 and can be configured 
as a terminal 
or as a 
modem. The baud rate is software 
programmable 
from 110 
to 19.2K baud. The user may also replace the asynchronous 
device with an SSDA device for synchronous 
communication 
application. 


A 16-bit data 
plus four handshake 
control 
lines parallel 
inpuVoutput 
port is provided. 
This parallel port consists 
of a 
fully-buffered 
PIA device with a pinout that is compatible 
with 
a standard 
Centronics 
printer 
type 
interface. 
An optional 
adapter kit is available to interconnect 
this port to the industry 
standard 
optically-isolated 
solid-state 
relay mounting 
racks. 
A triple 
16-bit 
programmable 
counter/timer 
device 
is in- 
cluded, 
with each section's 
clock, 
gate and output 
signals 
available 
to the user. The output signals can be strapped 
to 
generate 
a system 
IRQ, FIRQ or NMI if required. 


Add-On Input/Output Flexibility 


The EXORset Controller 
has a four-slot card cage with bus 
connectors 
for 
installing 
additional 
EXORbus 
compatible 
modules available from Motorola as well as a number of other 
vendors. 
The Floppy 
Disk Controller 
Module 
occupies 
one 
of these four slots. 
• 


• 
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Development Systems 


EXORciser 
For a-Bit 
Prototype Development 


M6BOO EXOR56U 
M6B09 
EXOR56 


The EXORciser 
is an expandable 
development 
system that 
allows development 
of any 8-bit Motorola microprocessor 
or 
microcomputer 
configuration, 
from the simplest 
to the most 
elaborate. 
It comes with an MPU Module that provides system 
timing and a DEbug Module that contains 
system firmware. 


Both MC68BOO or MC68B09 MPU versions are offered in the 
EXORciser 
Development 
System. 
With optional 
accessories, 
the EXORciser 
design and di- 
agnostic functions 
can be extended to other members of the 
Motorola family of microprocessors 
and microcomputers. 


The EXORciser 
with a USE (User System Emulator) option 
can be used to test and evaluate 
equipment 
external 
to its 
chassis. 
By removing 
the 
microprocessing 
unit from 
the 
user's 
system 
and 
connecting 
the 
USE 
cable 
from 
the 
EXORciser 
into the MPU's 
socket, 
the EXORciser 
with its 


EXbug 
firmware 
can 
be used to debug 
and troubleshoot 
microprocessor 
systems. 


The basic EXORciser 
consists of a rugged cabinet with a 
built-in 
power 
supply, 
and a prewired 
bus-oriented 
14-slot 
Backplane 
with MPU and DEbug Modules. 
Together 
these 
elements 
form a development 
microcomputer, 
with the ca- 
pability of adapting 
the unit to a specific design problem 
by 
adding optional 
I/O and memory 
modules. 
Additional 
Moto- 
rola memory 
modules for the EXORciser 
can be selected to 
suit varying system configurations; 
for example, 
to meet the 
increased 
memory 
requirements 
of sophisticated 
high order 
language 
based systems. 
The concept 
of add-on 
modules 
permits the user to match the functional 
requirements 
of the 
systems 
being developed. 
USing' one slot each for a floppy 
disk and printer function, 
ten slots remain for memory 
and 
I/O expansion. 
The EXORciser 
is a system that is never out- 
of-date, 
being 
at all times 
upgradable 
when 
new and ex- 
panded microcomputer 
functions 
become available. 


PROM Programmer 
M68PP4 


The PROM Programmer 
is designed 
to program a variety 
of MOS PROMs, 
EPROMs 
and bipolar PROMs. It can verify 


data from the PROM, 
transfer 
data from the PROM to the 


development 
system 
RAM memory, 
and transfer 
blocks 
of 
data from one memory location to another. Programming 
time 


depends 
upon the PROM used. 


The M68PP5 
is a powerful new EEPROM/PROM/EPROM 
programmer, 
designed 
to provide 
all of the functionality 
of 
the M68PP3 
and more. A powerful 
feature 
of the M68PP5 
is that 
it does 
not 
require 
removal 
of 
the 
EXORset 
or 


EXORciser 
covers during operation. This is accomplished 
via 


the Remote Socket Module. This module can be conveniently 
positioned 
by the user for his needs. It also has many other 


new or improved 
features. 
Such features 
include; 
program- 


ming even or odd byte PROMs/EPROMs, 
commands 
to dis- 
play and modify 
data, 
attach 
printer 
command 
to send all 


responses 
to a hard copy printer. The power of the M68PP5 


is further enhanced 
by the increased 
list of standard devices 


which it can program. 


Software 
on diskette 
for both M6800 
and M6309-based 


systems 
is included with the PROM Programmer. 


MEX68SA2 (6800) 
System Analyzer 
M6809SA (6809) 


This unique 
instrument 
can be used to enhance 
the ca- 


pabilities 
of the EXORciser 
as a design tool, or as an inde- 


pendent, 
portable, 
low-cost 
unit 
for field 
service 
of bus- 


compatible 
equipment. 


In field service 
applications, 
the System Analyzer 
derives 


operating 
power 
and 
I/O signals 
directly 
from 
the system 
under test. It can stop the system at any point in its program, 
step through the program, change the contents of the system 
memory, and monitor and record the MPU's operation during 
a selected 
portion of the program without shutting down the 
operation. 


In EXORciser 
applications, 
it complements 
the system's 
inherent 
program 
development 
capabilities. 
In conjunction 
with the EXORciser 
and USE, it offers a powerful combination 
of development 
and diagnostic 
tools available for microcom- 


puter work. 


MC6801 Development System 
MEX6801 


This product 
upgrades 
EXORciser 
and EXORset 
for de- 
velopment 
of MC6801-based 
systems. 
All three 
modes 
of 


MC6801 operation - 
single-chip, 
expanded 
multiplexed 
and 
expanded 
non-multiplexed 
- 
are supported 
by this system. 


This system 
is fully compatible 
with all current supporting 
hardware 
and software 
and includes 
the USE function. 
It 


allows real-time 
emulation 
of the MC6801 
application 
hard- 


ware and facilitates 
the debugging 
of software. 


MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS (continued) 


a-Bit Assemblers, 
Editors and Monitors 


M6800 and M6809 Development System 
Software Package 
Supplied 
with 
the 
Motorola 
floppy 
disk 
subsystem, 


EXORdisk, 
is a basic software 
development 
package 
con- 
sisting of the Motorola Disk Operating 
System (MDOS), CRT 
Editor, Macro Assembler 
and Linking Loader. 


M6800/01i09 UP/Down Load 
M6800UPDWNLD, 
M6809UPDWNLD 
Permits a user to download 
software 
developed 
in a host 
system 
into 
an 
EXORciser 
or Micromodule; 
alternatively, 


memory-to-memory 
uploads 
are permitted 
between 
EXOR- 
cisers, and a memory-to-file 
upload to an EXORmacs; 
pro- 
vided in both a 2K PROM and two 1K PROMS. 


a-Bit High Level 
Languages 
and Cross 
Assemblers 


M68MPLR020M/ 


M6800/M6809 MPL Compiler 
M6809MPL 
A high-level, 
user-oriented 
system programming 
language 
for 
the 
MC6600 
and 
MC6609 
MPU's, 
MPL 
is a 
block- 
structured 
language 
with features 
chosen 
for applicability 
to 
the microprocessor 
environment. 
This compiler 
is designed 
to operate 
in an EXORterm 
or EXORciser 
floppy disk-based 
environment 
with MDOS. 
M68FTNR012M/ 


M6800/M6809 FORTRAN 
M6809FORTRN 
Resident FORTRAN 
is a high-level programming 
language 
widely 
used for scientific 
and engineering 
problem 
solving. 
This 
FORTRAN 
Compiler, 
which 
is a subset 
of the ANSI 
standard 
FORTRAN 
IV, translates 
the source 
program 
into 
a relocatable 
object module. The Linking Loader converts the 
relocatable 
object code into an executable 
object file. 


M6800 Real·Time FORTRAN Compiler 
M68RTFR02M 
This FORTRAN 
Compiler 
enables 
the user to write real- 
time software 
in a high-level 
language 
for use in M6600- 
based Micromodule 
systems. 
It also contains 
an execution- 
time operating 
system, 
allowing 
several queues 
of tasks to 
be performed, 
with an ability to respond to real-time interrupts 
and to generate 
delays. 


M6800 Resident BASIC Interpreter 
M68BASR010M 
The Resident BASIC Interpreter provides another problem- 
solving tool to the M6600 microcomputer 
family of products. 
BASIC is high-level 
programming 
language 
widely-used 
for 
education, 
general-purpose, 
and 
certain 
business-related 
applications. 
Decimal arithmetic, 
string variables and arrays, 


string functions, 
and printer output are several of the features. 


M6809 BASIC·M Interactive Compiler 
M6809BASICM 


The BASIC-M 
Interactive 
Compiler 
provides 
an extension 
over standard 
BASIC 
in two major directions. 
It improves 
considerably 
the capabilities 
of the BASIC programming 
lan- 
guage 
and generates 
executable 
codes 
that can be used 
independently 
of the compiler itself. The compiler is available 
for M6609-based 
EXORciser. 


M6809 Pascal 
M6809PASCLC 
M6609 Pascal 
produces 
relocatable 
object 
modules 
that 
may be linked with other separately compiled Pascal modules 
and/or assembly 
language 
modules. 
The object code is po- 
sition independent, 
re-entrant and ROMable. Both a Compiler 
which 
produces 
a relocatable 
object 
module, 
and an Inter- 
preter 
version 
are available 
for M6609-based 
EXORciser 
systems. 


EXORciser CRT Editor 
EDITM is a memory resident record key oriented text editor 
that can do CRT editing on a line-by-line 
basis using only the 
left and right cursor functions 
and a few easy to remember 
control key sequences. 
EDITM can edit up thru a 132 char- 
acter line, can be run under CHAIN command 
control, 
has 
error recovery 
procedures, 
and is USER configurable 
for dif- 
ferent CRTs and default conditions. 
6600 and 6609 versions 
of EDITM are included. 
32K RAM minimum. 
• 


• 


MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS (continued) 


Use of appropriate 
peripheral 
devices 
can generate 
sav- 


ings by aHording faster program development. 
Each Motorola 
peripheral 
is supplied with the necessary 
circuitry to perform 
the necessary 
development 
system interface 
function. 


EXORterm 155 
M68SXD10155A 
EXORterm 
155 is a video 
terminal 
which 
facilitates 
the 
exchange 
of data 
between 
the user and the development 
system via a high quality video interface 
in combination 
with 
keyboard 
entry 
and 
a 
serial 
communications 
link 
using 
speeds up to 9600 baud. 


EXORterm 
155 uses LSI components 
of the M6800 family 
to provide 
control 
of the display 
attributes, 
communication 
facility, terminal switch/indicator 
control, and keyboard inputs. 


The keyboard 
provides cursor control keys and special keys 
to invoke functions unique to the EXORciser 
and EXORmacs 
Operating 
Systems. 
These 
keys can also be used by the 
designer 
for special 
routines. 
An additional 
Text Edit mode 
feature 
permits 
multiuser 
editing. 
EXORterm 
155 may be connected 
for either RS-232C 
or 
20/60 
mA 
current 
loop 
operation. 
Like 
the 
EXORterm 
Development 
System, 
this display 
console contains 
a high- 
quality CRT with a full 1920-character 
screen and 7 x 9 ASCII 
characters. 


The EXORdisk 
M68DSK4-2 
The EXORdisk 
is a dual floppy disk storage 
system with 
its own package 
of development 
software. 
EXORdisk 
is de- 
signed to support 
either MOOS (the EXORciser 
Disk Oper- 
ating System) or VERSAdos 
(the EXORmacs 
Disk Operating 
System). 
It facilitates 
high-speed 
data transfers 
through fast 
headsettling 
time and logical sector arrangement. 
An inter- 
face card connects 
this storage 
system to the EXORmacs, 


EXORciser 
or EXORterm 
Development 
Systems. 


EXORdisk 
is a double-sided/single-density 
dual 
drive 
system 
with 
total 
storage 
of 1 mill'ion bytes . 


M68KHDS16-2. 
M68KHDS32-2 
Hard Disk M68KHDS50-2. 
M68KHDS96-2 


The longer, ;TIore complex 
programs 
written tor advanced 
16-bit processors 
like the MC68000 
make much higher data 
transfer speed and larger storage capacity 
a necessity. 
New 
Hard Disk systems 
oHer 
the EXORmacs 
user a choice 
of 
high speed mass storage. 
For multiuser 
operation 
in the EXORmacs 
system, 
Hard 
Disk is required 
to provide 
rapid storage 
and retrieval 
for a 
large number 
of files. Hard Disk storage 
greatly 
enhances 
and Increases 
file access 
performance 
over a floppy 
disk- 
bas. d system. 


Dot-Matrix Printers 
M68PRT400N2 
Motorola dot-matrix 
printers are equipped with an interface 
module 
and/or an interconnection 
cable assembly 
that spe- 
cifically adapts them to the various Motorola 
microcomputer 
development 
systems, including the EXORmacs, 
EXORciser, 
EXORterm 
and EXORset. 
In addition these interface 
acces- 
sories 
permit 
the printers 
to be used with Motorola 
Micro- 
modules 
to provide 
more complete 
availability 
of microcom- 
puter 
system 
components. 
Printer 
speed is 250 
cps. 


• 


Type 
Number 
Description 


M68KVM10-3 
VERSAbus 
RAM 
128K 
Bytes 
M68KVM11-1 
VERSAbus 
RAM 256K 
8ytes 
M68KVM11-2 
VERSAbus 
RAM 
512K 
Bytes 
M68KHDD16-2 
16 MB Hard Disk 
M68KHDD32-2 
32 MB Hard Disk 
M68KHDD50-2 
50 M8 Hard Disk 
M68KHDD96-2 
96 MB Hard Disk 
M68KMCCM 
Multichannel 
Communications 
Module 
M68KEXTM 
VERSAbus 
Extender 
Module 
M68KVAM 
VERSAbus 
Adapter 
Module 
M68KWW 
VERSAbus 
Wire wrap 
Module 
M68KRDS1 
EXORmacs 
Remote 
Development 
Station 
with 
USE 
M68KRDS2 
EXORmacs 
Remote 
Development 
Station 
without 
USE 
M68KMACSRK 
EXORmacs 
Rack Mount 
Kit 


<ll 
It) 
0 
0 ;; 
0 
0 
0 
0 
CIl 
CIl 
CIl 
CIl 
CIl 
Type Number 
••• 
••• 
••• 
••• 
••• 
Description 


M68K102-1 
X 
VME/10 
Microcomputer 
System 
- 
5 MB 
M68K102B2 
X 
VME/10 
Microcomputer 
System 
- 
15MB 
M6809SET 
100 
X 
X 
X 
X 
EXORset 
Microcomputer 
System 


It) 
0 
CIl 
0 
0 
0 
It) 
o~ 
0 
0 ;; 
N ~ 
It) 
CIl 
0 
0 
0 
0 
0 
••• 
•... 
o E 
CIl 
CIl 
CIl 
CIl 
CIl 
CIl :! 
CIl 
CIl 
•• 
Description 
Type 
Number 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
...... 


M68KHDS402 
X 
X 
X 
HDS-400 
Control 
Station 
M68KHDS16FB 
X 
X 
X 
HDS-400 
Personality 
Module 
M68000HDS4 
X 
MC68000 
Emulator 
Module 
M68008HDS4-8 
X 
MC68008 
Emulator 
Module 
M68010HDS4-8 
X 
MC68010 
Emulator 
Module 
M68HDS202 
X 
X 
X 
X 
HDS-200 
Control 
Station 
M6804P2HM 
X 
MC6804P2 
Emulator 
Module 
M6805P234HM 
X 
X 
MC6805P2,P4,P6, 
MC68705P3,P5 
Emulator 
Module 
MC6805RU234HM 
X 
X 
MC6805R2,R3,U2,U3, 
MC68705R3,U3 
Emulator 
Module 
M6805S2HM 
X 
MC6805S2 
Emulator 
Module 
M6805T2HM 
X 
MC6805T2 
Emulator 
Module 
M146805E2HM 
X 
MC146805E2 
Emulator 
Module 
M146805F2HM 
X 
MC146805F2, 
M1468705F2 
Emulator 
Module 
M146805G2HM 
X 
X 
MC146805G2, 
M1468705G2 
Emulator 
Module 
M68BSAC 
X 
Bus State Analyzer 
Control 
Module 
M68BSA1-1 
X 
MC68000 
BSA Personality 
Module 
M68BSA2 
X 
M6800 
Family 
Personality 
Module 
M68BSA4 
X 
X 
MC6801, 
MC68121 
Personality 
Module 
M68BSA5 
X 
X 
X 
VERSAbus 
Personality 
Module 
M68BSA6 
X 
EXORbus 
Personality 
Module 
MEX6801EVM 
X 
MC6801 
Evaluation 
Module 
M68120EVM 
X 
MC681 
20 Evaluation 
Module 
M68705EVM 
X 
MC68705 
Evaluation 
Module 
M1468705EVM 
X 
MC1468705 
Evaluation 
Module 


• 


;! 
II) 
cD 
II) 
GO 
GO 
Description 
Type 
Number 
co 
co 
co ., 
co 


MEX681C2 
X 
X 
X 
I/O Interconnect 
Cable 
(Use with 
MEX6821-21 
MEX68RK2 
X 
X 
X 
X 
Rack 
Mounting 
Kit 
EXORciser 
I & II 
MEX68RR 
X 
X 
X 
X 
EPROM/RAM 
Module 
MEX68SA 
X 
System 
Analyzer 
MEX68SA2 
X 
System 
Analyzer 
II 
MEX68USEC 
X 
User 
System 
Evaluator 
MEX68USM 
X 
X 
Universal 
Support 
Module 
MEX68WW 
X 
X 
X 
Wirewrap 
Module 
MEX68XT3 
X 
X 
X 
Extender 
Module 
MEX6801EVM 
X 
Evaluation 
Module 
MEX6801 
EVM 1 
X 
68701 
Programming 
Module 
MEX6801 
X 
Development 
System 
MEX6802-46 
X 
MC6802/46 
Support 
Module 
MEX6808-22 
X 
X 
X 
X 
X 
8K Static 
RAM 
Module 
with 
Parity 
MEX6809KT 
X 
6809 
Upgrade 
for 
EXORciser 
or EXORterm 
MEX6812-1 
X 
X 
X 
X 
X 
2K Static 
RAM 
Module 
MEX6816-1 
HR 
X 
X 
X 
X 
X 
16K 
Dynamic 
RAM 
Module 
with 
Hidden 
Refresh 
MEX6816-22D 
X 
X 
X 
X 
X 
1 6K Dynamic 
RAM 
Module 
with 
Parity 
MEX6816-22S 
X 
X 
X 
X 
X 
16K 
Static 
RAM 
Module 
with 
Parity 
MEX6821-2 
X 
X 
X 
X 
X 
Input/Output 
II Module 
MEX6832-1 
HR 
X 
X 
X 
X 
X 
32K 
Dynamic 
RAM 
Module 
with 
Hidden 
Refresh 
MEX6832-22 
X 
X 
X 
X 
X 
32K 
Dynamic 
RAM 
Module 
with 
Parity 
MEX6845 
X 
X 
X 
X 
X 
MC6845 
CRT Controller 
Module 
MEX6848-1 
HR 
X 
X 
X 
X 
X 
48K 
Dynamic 
RAM 
Module 
with 
Hidden 
Refresh 
MEX6848-22 
X 
X 
X 
X 
X 
48K 
Dynamic 
Module 
with 
Parity 
MEX6850 
X 
X 
X 
X 
X 
ACIA 
Module 
MEX6850-2 
X 
X 
X 
X 
X 
ACIA/SSDA 
Module 
MEX6854 
X 
X 
X 
X 
X 
MC6854 
ADLC 
Support 
Module 
MEX6864-1 
HR 
X 
X 
X 
X 
X 
64K 
Dynamic 
RAM 
Module 
with 
Hidden 
Refresh 
MEX6864-22 
X 
X 
X 
X 
X 
64K 
Dynamic 
RAM 
Memory 
with 
Parity 
MEX68488 
X 
X 
X 
X 
X 
MC68488 
GPIA 
Support 
Module 
M68BASR010M 
X 
Resident 
BASIC 
Interpreter 
on 6800 
MOOS 
Diskette 
M68FTNR012M 
X 
Resident 
FORTRAN 
Compiler 
and Linking 
Loader 
on 6800 
MOOS 
Diskette 
M68MPLR020M 
X 
Resident 
MPL Compiler 
on 6800 
MOOS 
Diskette 
M68PANEL220 
X 
X 
X 
X 
X 
6809 
Front 
Panel 
Conv. 
of EXORterm 
200 
M68PP4 
X 
X 
X 
X 
PROM 
Programmer 
IV 
M68RTFR02M 
X 
Resident 
Real-Time 
FORTRAN 
Compiler 
on MOOS 
Diskette 
for 
6800 
M6800DOWNLD 
X 
X 
6800/6801 
Down-line-Load 
ROM 
M6800EXOR56U 
X 
M6800 
EXORciser 
II Development 
M6800XASMBL 
1 
X 
X 
6800/6801 
Cross 
Macro 
Assembler 
M6805MASC01 
M 
X 
6805 
Cross Macro 
Assembler 
and Linking Loader on MOOS 
Diskette 
M6809DOWNLD 
X 
6809 
Down-line-Load 
ROM 
M6809EXOR 
X 
M6809 
EXORciser 
II Development 
System 
110 
V 
M6809FORTRN 
X 
6809 
Resident 
FORTRAN 
Compiler 
M6809MASC01 
M 
X 
6809 
Cross 
Macro 
Assembler 
and linking 
Loader 
on MOOS 
Diskette 
M6809MPL 
X 
6809 
Resident 
MPL Compiler 
on MOOS 
Diskette 
M6809PASCLC 
X 
6809 
Resident 
PASCAL 
Compiler 
M6809SA 
X 
System 
Analyzer 
II 
M6809USE 
X 
User System 
Evaluator 
M6833 
X 
X 
X 
X 
X 
Blank 
Diskettes 
(SS/SD) 
M6834 
X 
X 
X 
X 
X 
Blank 
Diskette 
(DS/SDI 


00 
'" 
III 
N 
0 
0 
0 
0 
0 
0 
CO 
CO 
CO 
CO 
CO 
Type 
Number 
'" 
'" 
'" 
'" 
'" 
Description 


M68DSK4 
X 
X 
X 
X 
EXORdisk 
IV 
M68PRT400N2 
X 
X 
X 
X 
Microsystems 
Printer 
M68SXD10155A 
X 
X 
X 
X 
X 
EXORterm 
155 
M68KHDS32-2 
X 
32MB 
Hard Disk 
M68KHDS96-2 
X 
96MB 
Hard Disk 
M68KHDE32-2 
X 
32MB 
Hard Disk Expansion 
M68KHDE96-2 
X 
96M8 
Hard Disk Expansion 
M68CART 
X 
Hard Disk Cartridge 


Type 
Number 
Description 


MVME101 
68000 
Monoboard 
Microcomputer 
MVME110 
68000 
Monoboard 
Microcomputer 
with 
I/O Channel 
Interface 
MVME200/201 
64K 
and 256K 
Byte Dynamic 
Memory 
MVME210 
Static 
RAM/ROM 
Board 
MVME300/310 
GPIB Controller 
Modules 
MVME310 
Universal 
Intelligent 
Peripheral 
Controller 
MVME315 
Intelligent 
DMA 
SASI Interface 
and Floppy 
Disk Controller 
MVME930 
VMEbus 
Extender 
Board 
MVME931 
VMEbus 
Wirewrap 
Board 


Type Number 
Description 


M68KORMS68K 
M68000 
Real-Time 
Multitasking, 
Software 
(Object) 
on EXORmacs 
Diskette 
M68KVM01A1 
68000 
16-Bit 
Monoboard 
Microcomputer, 
32K 
RAM 
M68KVM01A2 
68000 
16-Bit 
Monoboard 
Microcomputer, 
64K 
RAM 
M68KVM02 
68000 
16-Bit 
Monoboard 
Microcomputer, 
128K 
RAM 
M68KVM03 
68010 
16-Bit 
Monoboard 
Microcomputer, 
10 MHz, 
256K 
RAM 
M68KVMCC1 
4-Slot 
Card Cage 
M68KVMCH2-1 
VERSAmoduie 
System 
Chassis, 
15 Amps-5 
Vdc, 
240 
V 
M68KVM10-3 
128K 
Byte Dynamic 
RAM Module 
M68KVM11 
256/512K 
Byte Dynamic 
RAM 
M68KVM20 
Floppy 
Disk Controller 
Module 
M68KVM21 
Universal 
Disk Controller 
M68KVM30 
4-Channel 
Serial Communication 
Module 
M68KVM60 
Universal 
Intelligent 
Peripheral 
Controller 
Module 
M68KVBUG 
VERSAbug 
Debug Monitor 
Firmware 
Package 
• 


'" 
N 
0 
0 
0 
0 
Q) 
Q) 
Q) 
Type 
Number 
CD 
CD 
CD 
Description 


M688ASRC1 
X 
Resident 
BASIC 
Interpreter 
ROM Set (MINIBUG 
II-Based) 
M68BASRC2 
X 
Resident 
BASIC 
Interpreter 
ROM Set (MICRObug-Based) 
M68BASRM2 
X 
Resident 
BASIC 
Interpreter 
Module 
(Micromodules) 
M68EAB1 
X 
Resident 
Editor/Assembler 
and BASIC 
Interpreter 
Module 
IMINIBUG 
II-Based) 
M68EAB2 
X 
Resident 
Editor/Assembler 
and BASIC 
Interpreter 
Module 
IMicromodules) 
M68MMCC05 
X 
X 
X 
Card Cage, 
5-Card 
M68MMCC10 
X 
X 
X 
Card Cage, 
10-Card 
M68MMFLC2 
X 
X 
X 
Front Load Chassis, 
14 Card, 
240 
V 
M68MMFLK 
X 
X 
X 
Rack Mounting 
Slide Kit, FLC 
M68MMLC2 
X 
X 
X 
Long Chassis, 
10-Card, 
240 
V 
M68MMLK 
X 
X 
X 
Rack Mounting 
Kit, Long Chassis 
M6BMMPS2-1 
X 
X 
X 
Micromodule, 
EXORciser, 
EXORterm, 
DC Power 
Supply, 
240 
V 
M68MM01A2 
X 
Monoboard 
Microcomputer 
(with 
four 
2 K x 
8 EPROM/ROM 
Sockets) 
M68MM0181A 
X 
Monoboard 
Microcomputer 
M68MM01D 
X 
Monoboard 
Microcomputer 
M68MM03 
X 
X 
X 
32/32 
Input/Output 
Module 
M68MM03-1 
X 
X 
X 
32/32 
Input/Output 
Module 
(with 
4. 7K Termination 
Option) 
M68MM03-2 
X 
X 
X 
32/32 
Input/Output 
Module 
(with 
330/220 
Termination 
Option) 
M68MM04A 
X 
X 
X 
16 Socket 
EPROM, ROM or RAM Module 
M68MM05A 
X 
X 
X 
8-Channel, 
12-Bit 
Differential 
Input 
A/D 
Module 
M68MM05B 
X 
X 
X 
16-Channel, 
12-Bit 
Single 
Ended Input 
A/D 
Module 
M68MM05C 
X 
X 
X 
Quad 
12-Bit 
D/A Module 
M68MM07 
X 
X 
X 
Quad Communication 
Module 
M68MM08A 
X 
MICRObug 
Module-Consisting 
of MICRObug 
ROM (Use with 
MM01 A2) 


M68MM09 
X 
X 
X 
4K CMOS 
RAM with 
Battery 
8ackup 
M68MM10B 
X 
X 
X 
Power 
Fail Detect 
Module 
with 
Battery 
8acked-up 
CMOS Time-of-Day 
Clock/Calendar 
M68MM11 
X 
X 
X 
RS-232C 
to TTY Adapter 
Module 
M68MMt2 
X 
X 
GPI8 Listener/Talker/Controller 
Module 
(with 
6800 
Firmware) 
M68MM12-1 
X 
GPI8 Listener/Talker/Controller 
Module 
(with 
6809 
Firmware) 
M68MM12A 
X 
X 
X 
GPIB Listener/Talker 
Module 
M68MM13A 
X 
X 
X 
Digital-Output 
(Contact 
Closure) 
Module 
- 
16 Outputs 
M68MM13B 
X 
X 
X 
Digital-Output 
(Contact 
Closures) 
Modules 
- 
32 Outputs 


M68MM13C 
X 
X 
X 
Optically 
Isolated 
Digital 
Input 
Module-24 
Voltage 
Inputs 
M68MM13D 
X 
X 
X 
Optically 
Isolated 
Digital 
Input 
Module-24 
Contact 
Closure 
Inputs 
M68MM14 
X 
X 
X 
2 MHz 
Hardware 
Arithmetic 
Processor 
Unit 
M68MM14A 
X 
X 
X 
3 MHz 
Hardware 
Arithmetic 
Processor 
Unit 
M68MM15A 
X 
X 
X 
High-Level 
A/D 
Module 
16 Channel 
M68MM15A1 
X 
X 
X 
High-Level 
A/D 
Module 
32 Channel 
M68MM15B 
X 
X 
X 
Low-Level 
A/D 
Module 
M68MM15CV4 
X 
X 
X 
High-Level 
Voltage 
D/A 
Module 
4 Channel 
M68MM15CI4 
X 
X 
X 
Current 
D/A Module 
4 Channel 
M68MM16 
X 
X 
X 
Combo 
ROM, 
RAM and I/O (Parallel and Serial) 
(1 or 2 MHz) 
M68MM17 
X 
6809 
Monoboard 
Microcomputer 
M68MM19A 
X 
6809 
Monoboard 
Microcomputer 
(2 MHz) 
(For new designs 
use MM19A 
1, up to 32K 
EPROM) 
M68MM19SB 
X 
SUPERbug Firmware 
ROM 
M68MMI/OC 
X 
X 
X 
Parallel I/O Adapter 
Set 
M68XEARC1 
X 
X 
Resident 
Editor/Assembler 
ROM Set (MINI bug II/MICRObug-Based) 


MOTOROLA 


MICROCOMPUTER BOARDS 


VMEmodules 
from 
Motorola 
incorporate 
the 
high 
perlor- 


mance MC68000, 
the internationally 
accepted 
Eurocard for- 


mat, the defacto 
industry 
standard 
16-bit VMEbus, 
and the 
new and flexible 
1/0 Channel, 
all combined 
in the most ver- 
satile 
and 
latest 
state-of-the-art 
approach 
to the 
modular 
systems concept. 


The MC68000 MPU 
You've seen the benchmarks, 
and the results - 
MC68000 
has emerged 
as the acknowledged 
microprocessor 
leader 
in the 16/32 bit perlormance 
class. Its architecture 
is designed 
for optimal 
support of the latest high-level 
languages, 
and it 
directly addresses 
16 Megabytes 
of memory (instead of one 
Megabyte 
for most of the competition). 
Its 32-bit internal fea- 
tures mean easy grow1h to full 32-bit capability as your needs 
grow into the future, VMEmodule 
products put the MC68000 
MPU to work in a modular structure that has achieved world- 
wide acceptance 
and support, 
both by users and manufac- 
turers of microcomputer 
subsystems. 


Worldwide Standard Package: Eurocard 
Developed 
as a de facto standard in Europe, the Eurocard 
mechanical 
format 
is rapidly gaining 
worldwide 
acceptance 
of modular 
applications 
in a broad range of laboratory 
and 
industrial 
automation 
environments. 
And 
for good 
reason 
- 
the Single and Double Eurocard 
circuit boards and card 
cages in the VMEmodule 
product line offer a convenient 
size, 
plus 
pin-and-socket 
bus connectors 
to give 
you an extra 
margin of confidence 
of reliability 
in the more severe appli- 
cation environments. 


Multiprocessing 16/32 Bit VME Bus 
The VME bus doesn't 
lock you into today's technology. 
It 
has the inherent power and capabilities 
to adapt to any num- 
ber or types of popular 
processors 
for true multiprocessing 
applications; 
and, you can use as many bus masters as you 
need. 


With the VME bus, you can mix 8, 16, and 32-bit processors. 


in the VME backplane. 
It operates 
asynchronously 
at high 
speed, and provides 7 interrupt plus 4 bus arbitration 
priority 
levels to allow total flexibility. 


I/O Channel Expands Capabilities 
The 
VMEmodule 
system 
architecture 
supports 
the 
1/0 
Channel 
feature 
described 
elsewhere 
in this 
publication. 
Briefly, the 1/0 Channel 
is a buffered 
extension 
of the on- 
board 
processor 
bus, 
allowing 
the 
system 
to 
be 
easily 
custom-tailored 
with the addition 
of input/output 
functions 
in 
small modular amounts 
both within and external to the VME 
card cage. The 1/0 Channel 
promotes 
efficient system 
utili- 
zation by allowing 
1/0 transfers 
to proceed 
at rates up to 2 
megabytes 
per second, independently 
of other on-going 
ac- 
tivity in the higher-speed 
VMEbus 
system interconnect. 


Powered by High Performance Software 
VMEmodule 
products are designed for demanding 
lab and 
industrial 
automation 
environments 
where 
quick, 
accurate 
response 
to 
multiple 
random 
events 
is essential 
- 
and 
Motorola's 
RMS68K 
Real-Time 
Multitasking 
Executive 
soft- 
ware for the VMEmodule 
Monoboard 
Microcomputer 
pro- 
vides the nucleus around which complete real-time applications 
can be built. 
For those applications 
where 
large data files 
and mass 
storage 
resources 
must 
be handled 
efficiently, 
there's the full-featured 
VERSAdos 
Operating 
System. Stan- 
dard device drivers 
are provided 
with both VERSAdos 
and 
RMS68K 
for interlaces 
and devices 
supplied 
by Motorola, 
and both systems make provisions 
for easy addition of user- 
supplied device drivers. Both the RMS68K Executive and the 
full VERSAdos 
System are rapidly emerging as the standard 
real-time system structure for MC68000-based 
applications. 
To 
provide 
diversified 
programming 
capabilities 
for 
VMEmodule-based 
projects, 
Motorola 
supplies 
not only an 
advanced 
Structured 
Macro 
Assembler, 
but also 
efficient 
Pascal and FORTRAN 
Compilers. 
• 


• 
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MICROCOMPUTER BOARDS (continued) 


And 
to 
offer 
streamlined 
debugging 
capabilities, 
the 
VMEbug 
Debug Monitor firmware 
is available either in ROM 
or 
on 
disk 
for 
use 
with 
the 
VMEmodule 
Monoboard 
Microcomputer. 
Modular 
SUbsystems 
elevate the starting 
point for rrlcro- 
computer 
system design from the "components" 
level to the 
board level. And, just as there are variations 
in microproces- 
sors for different end-use requirements, 
there are families of 
modular 
subsystems 
to best serve these varying 
demands. 


Thus, 
the 
VMEmodule 
family 
joins 
the 
existing 
Motorola 
Micromodule 
8-bit family and the VERSAmodule 
16-bit family 
of modular 
microsystem 
products 
to let the user tailor his 
system to his specific 
needs. 


VMEmodules 
provide 
a degree 
of performance 
and flexi- 
bility that bridges the gap between 
the lower-level 
8-bit pro- 


cessing 
tasks 
(the Micromodule 
domain) 
and the highend 
computation 
and memory-intensive 
challenges 
that are the 
domain of the physically 
larger and more complex 
16/32-bit 
VERSAmodules. 
This spectrum 
of microsystem 
products of- 
fers the most cost effective 
solution to complex 
systems - 
perhaps distributed 
control systems - 
with the right perfor- 
mance elements 
at each processing 
node of the system. 


The Intangible Extras - 
When you select Motorola 
microsystem 
products 
for your 
system design, 
you get not just the hardware 
and software, 


but a host of built-in 
benefits 
of almost 
equal importance. 


Among these: 
• 
A field-proven 
line of thoroughly 
tested products that 
assure highly reliable system operation. 


• 
A time-tested 
set of support tools and documentation 
that simplify system design and operation. 


• 
A nationwide 
field-sales 
and service network that offers 
design and applications 
support before, during and 
after the sale. 


A mature 
training 
program 
at various 
levels 
that offers 


group training 
at specified 
locations 
as well as in the cus- 
tomer's own establishment. 


A product line that continues 
to expand to take full advan- 
tage 
of new developments 
for increasing 
capabilities, 
im- 
proving 
performance 
and allowing 
more efficient operation. 


Multiple Sources of VME Compatible 
Products - 
Worldwide 
Development 
of the VME bus structure represents the com- 
bined technical 
efforts 
of Motorola 
and a number 
of other 
major 
international 
electronics 
companies. 
The 
initial 
an- 


nouncement 
in Europe met with very positive reactions from 
potential 
users and vendors 
the world over, with the result 
that the original 
participants 
are being joined 
by increasig 
numbers 
of companies 
planning 
to supply 
such 
products. 


These sources 
are united through the activities 
of the VME 
Bus Manufacturers 
Group, which meets four times a year in 
technical 
forum to help assure the user community 
of a high 
degree 
of technical 
compatibility 
between 
products, 
and to 
make available to the public a comprehensive 
list of suppliers. 


TYPICAL 
VMEmodule 
APPLICATION 


VMEmodule Line< 


VMEmodules 
- 
VMEbus 
compatible, 
Double 
Eurocard 
Format. 


MVME101 
- 
MC68000 
Monoboard 
Microcomputer 
with two 
serial ports and one parallel port on board. 


MVME110 
- 
MC68000 
Monoboard 
Microcomputer 
with I/O 
Channel support 
for extended 
I/O functions. 


MVME200/201 
- 
64K byte and 256K byte Dynamic 
RAM 
Modules with data parity check. 


MVME210 
- 
Static RAM/ROM 
Board providing 
up to 128K 
bytes storage 
capacity. 


MVME300 
- 
GPIB Controller 
meeting 
full IEEE 488-1978 
standard. 


MVME310 
- 
Universal 
Intelligent 
Peripheral 
Controller 
with 
35% of board area in wirewrap 
for customer 
applications. 


MVME315 
- 
Intelligent 
DMA SASI interface and floppy disk 
controller. 


MVME930 
- 
VMEbus 
Extender 
Board 
MVME931 
- 
VMEbus 
Wirewrap 
Board 


·See 
also the list of 1/0 modules 
on another 
page 
In this catalog 
lor addihonat 


I/O functional 
elements 
supporting 
the VMEmodule 
line. 


Software 
MVMEBUG 
- 
Debugging 
Packages 
for VMEmodule 
Mono- 
board 
Microcomputer 
with 
single-line 
Assembler/ 


Disassembler. 


M68KORMS68K 
- 
M68000 
Real-Time 
Multitasking 
Exec- 
utive provides task scheduling 
and synchronization 
for any 
number of tasks. 


M68KOVDOS 
- 
OEM 
VERSAdos 
Operating 
System 
is a 
real-time multitasking 
MC68000 
based system oriented to 
hard disk operation. 


Packaging 
VMEmodule 
and 
I/Omodule 
Card Cages, 
Chassis, 
Power 
Supplies 
and Backplanes. 


MOTOROLA 


MICROCOMPUTER BOARDS (continued) 


VERSAmodule 
circuit 
boards 
are 
microcomputer 
building 
blocks 
from 
Motorola, 
based 
on the state-of-the-art 
16-bit 
MC68000 
Microprocessor. 
They are part of a family of mod- 
ular building block products that provide the system designer 
ready-to-run 
hardware and software. VERSAmodule 
bUilding 
blocks drastically 
reduce the total cost of bringing 
together 
a fully configured 
custom 
microcomputer-based 
system. 


by saving development 
time, engineering 
talent, and money 
as well. 


With VERSAmodule 
products, 
you minimize 
the risks of 
design 
limitations 
and system 
obsolescence 
while keeping 
your system 
tied to the leading 
edge of technology. 
Your 
system 
is built 
around 
the 
most 
advanced 
16-bit 
micro- 
computer 
available 
today ... 
incorporating 
sophisticated 
ar- 
chitectural 
features to enhance system perlormance. 
The full 
range 
of available 
software 
products 
and applications 
de- 
velopment 
tools assure 
early system 
completion. 
And Mo- 
torola's 
experienced 
support 
stall 
is available 
to help, any 
time. 


Use Today's Most Advanced 16-Bit 
Microcomputers 
The 
VERSAmodule 
Monoboard 
Microcomputers 
(VM01 A 
and VM02) are the most powerlul and versatile 16-bit single- 
board microcomputers 
available. 
They achieve a higher de- 
gree of computing 
power, memory 
capacity 
and tailorability 
• 
by combining 
the MC68000 
MPU with other on-board 
fea- 
tures. 
Such 
on-board 
features 
as 
1/0 Channel 
interlace, 


VERSAbus 
interlace, 
bus arbitration 
logic, dual port RAM, 


multiprotocol 
serial 
1/0, parallel 
1/0, programmable 
timerl 


counters, 
and RAM with battery 
back-up 
capability 
enable 
these 
VERSAmodule 
Monoboards 
to 
handle 
applications 
ranging from those using a single processor 
through 
those 
requiring complex 
multiprocessing 
structures. 


VERSAbus Architecture Enhances 
System Performance 
VERSAmodule 
boards are interconnected 
in a system using 
the 
VERSAbus 
interconnect 
standard. 
The 
high-speed 
VERSAbus 
interconnect 
is characterized 
by asynchronous 
operation 
supporting 
direct 
memory 
addressing 
and 
true 
multiprocessor 
operation. 
Unlike 
other 
popular 
bus struc- 
tures, VERSAbus 
architecture 
does not limit the number or 
types of processors 
that can be used in multiprocessing 
ap- 
plications. 
The number 
of "bus masters" 
or main processor 
boards 
is limited 
only 
by the number 
of card slots 
in the 
particular 
VERSAbus 
backplane 
being used. 
Furthermore, 


several lines within the VERSAbus 
structure enhance system 
reliability and integrity by prOViding for ellicient 
sell-diagnosis 


... 
resulting 
in minimum 
system downtime. 


Cost-Effective I/O Channel Increases 
System Flexibility 
The 
1/0 Channel 
is an advanced 
architectural 
feature 
of 
VERSAmodule 
Systems that allows greater system flexibility 
and low incremental 
cost for 1/0 expansion. 
The 1/0 Channel 
has a 12-bit address 
bus, B-bit bidirectional 
data bus, 4K 
By1es of memory-mapped 
1/0, and a data transfer rate of up 
to 2 Megaby1es per second. 


VERSAdos Real-Time Disk Operating System 
The VERSAdos 
Operating 
System 
Software 
employs 
mod- 
ular design of its major programs 
to allow easy addition 
of 
user functions 
with minimal cost. It contains 
a file manage- 
ment package 
and additional 
device-independent 
1/0 sup- 
port. 
The 
VERSAdos 
System 
is available 
with 
software 
drivers for both floppy and hard disk storage, and incorporates 
redundant 
safeguards 
against system failures. Optimum 
pro- 
cessor 
and 
memory 
utilization 
are achieved 
through 
true 
multitasking 
and dynamic 
memory 
allocation/deallocation. 


RMS68K Real-Time Multitasking Executive 
For real-time 
applications 
that do not require aUXiliary mass 
storage (disk), and ellicient 
Real-Time Executive may provide 
all the required 
systems 
functions. 


The RMS68K 
Real-Time 
Multitasking 
Executive 
provides 
the nucleus around which real-time applications 
can be built. 


It allows a wide variety of application 
systems 
without 
large 
expenditures 
for complex real-time and multitask control func- 
tions. 
RMS6BK 
is ROMable, 
meaning 
that the executable 
code for your entire system could be placed in ROM. In ad- 
difion, the RMS68K 
System 
customizes 
your system 
by al- 
lowing you to add your own device drivers 
and select only 
those functions that you need. Compatibility 
with VERSAdos 
and debug software 
packages 
helps reduce the cost of soft- 
ware maintenance 
over the life of your system. 


VERSAbug Debugging Packages 
The VERSAbug 
debug package 
provides 
a powerlul 
evalu- 
ation and debugging 
tool for VERSAmodule 
Systems. 
It per- 
mits full-speed 
execution 
of system and user-developed 
pro- 
grams operated in a VERSAmodule 
Monoboard Microcomputer 
environment 
under comple!e 
operator control. 


VERSAbug 
software 
is available 
as a system debug mon- 
itor, in a pre-configured 
EPROM 
resident 
package, 
or as 
source and relocatable object modules, packaged on diskette 
or cartridge 
disk, 
allowing 
you to easily 
create 
your 
own 
application-specific 
version 
in a matter 
of hours. 
In either 
package, 
VERSAbug 
software 
gives you a powerlul 
tool for 
reducing 
system 
development 
and continuing 
maintenance 
costs. 
• 
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MOTOROLA 
MICROCOMPUTER BOARDS (continued) 


Complete Your System ... 
On Schedule 
With VERSAmodule 
products, 
the lion's share of your sys- 
tem's hardware design, debug, assembly and test is done for 
you. The mature 
operating 
system 
software 
is already 
de- 
veloped 
and debugged, 
too. You can begin developing 
your 
applications 
software 
immediately, 
in order to respond faster 
to customer 
requirements, 
penetrate fast moving market win- 
dows, or automate 
a critical 
activity 
sooner. The result . 


higher profitability. 
Use Your Resources Efficiently 
Since your costly and often limited technical 
resources 
are 
not needed to design 
or debug the basic computer 
system 
hardware, 
you can concentrate 
on the value-added 
areas of 


applications 
software 
and 
any 
unique 
hardware 
require- 
ments. In other words, 
you apply your scarce 
resources 
to 
the area you know best ... 
your application. 


Lower Your Non-Recurring Costs 
The rising costs to design, develop and debug basic system 
hardware are reduced by using VERSAmodule 
products. But 
the cost savings 
don't stop here. The powerful 
applications 
development 
tools 
supporting 
the 
VERSAmoduie 
family 
greatly facilitate 
the development 
and debugging 
of your ap- 


plications software and any specialized 
hardware. This allows 
you to get it right the first time. 
. avoiding costly redesigns 
and project delays. 


VERSAmoduie CIRCUIT BOARDS 


Monoboard Microcomputers 


VM01A 
Monoboard 
Microcomputer 
- 
MC66000 
MPU, 321 


64K Byte RAM, Sockets 
for 64K Byte ROM, four parallel 
1/0 ports, two serial 1/0 ports. 


VM02 Monoboard 
Microcomputer 
- 
MC66000 
MPU, 126K 
Byte dual-port 
RAM, Sockets for 64K Byte ROM, two Mul- 
tiprotocol 
serial 1/0 ports. 1/0 Channel 
Interface. 


VM03 
Monoboard 
Microcomputer 
- 
MC66010 
MPU at 10 
MHz, MC66451 
MMU, 256K DRAM, Sockets for 64K Byte 
ROM, two Multiprotocol 
serial 
1/0 ports and 1/0 Channel 
Interface. 


Memory Modules 


VM10 Random Access Memory - 
126K Byte Dynamic RAM, 


Byte Parity, 16-bit data/word 
length. 


VM11 Random Access Memory - 
256/512K 
Dynamic RAM, 


Error detection 
and correction, 
16/32-bit data word length. 


VM60 Combination 
ROM/RAM/I-O 
- 
0/126K Byte Dynamic 
RAM, Sockets 
for 256K Byte ROM, six parallel 
1/0 ports, 


two Multiprotocol 
serial 1/0 ports. 


Controllers 


VM20 Floppy Disk Controller - 
Up to 4 floppy disks, 2M Byte 
formatted 
floppy capacity, 
On-board 
IPC with data bufter. 


VM60 Universal 
Intelligent 
Peripheral 
Controller - 
4K Bytes 


on-board RAM, Up to 32K Bytes ROM, DMA data transfers, 
Wire wrap area for custom 
user interface. 


I 
I 


5001 
10001 
Make 


Product Lifetime Quantity 


VM21 Universal 
Disk C-ontroller -. 
UP to 4 floppy disks, Up 
to 2 SMD compatible 
hard disks, 
Up to 516 M Byte for- 
matted disk capacity, 
On-board 
IPC with data buffer. 


VM30 
Multi-Channel 
Communications 
Module 
- 
four RS- 


232C serial 1/0 ports, One parallel 
printer port, ON-board 
IPC with data buffer. 


Support 


RSC1 Remote Serial Conversion 
Module - 
RS-232C to RS- 
449 or multidrop 
port, Synchronous 
or asynchronous 
op- 
eration, 
Half or full duplex, 
Eurocard 
form factor. 


System 
Packaging 
and Accessories 
- 
5V. inch Chassis, 


Stand-Alone 
Card Cage, Power Supplies, Cabling Options, 


II0moduie 
Card Cage, Mass Storage Enclosure, 
Industrial 


Card Cage System Package, VERSAbus 
Adapter Module. 


Addition I/O 


All of the 1I0modutes 
described 
under 
I/0moduies 
in this 
catalog are compatible with the 1/0 Channel on VERSAmodule 
02, thus extending 
many additional 
1/0 and control functions 
to the VERSAmodule 
product family. 


FUTURE VERSAmoduie PRODUCTS 
Motorola 
currently 
offers more than 20 individual 
hardware 
and software 
products 
in the VERSAmoduie 
and II0moduie 
product lines. But beyond these, Motorola 
engineers 
are at 
work planning 
~md designing 
future products 
to ensure con- 


tinual 
expansion 
of the VERSAmoduie 
product 
line. 
New 
hardware 
and software 
products 
will incorporate 
the latest 
technology 
in easy-to-use 
building-block 
form. Future family 
members will include higher-performance 
single board com- 


puters, higher-density 
memory 
modules, 
and new intelligent 
device 
controllers 
all of which 
take 
advantage 
of ad- 
vancements 
in LSI technology. 
II0moduie 
products 
will ex- 


pand the offering of popular industry interfaces and new soft- 
ware 
will 
bring 
advanced 
tools 
like 
applications-oriented 
languages 
and multiprocessor 
capability 
for the VERSAdos 
Operating 
System. 
Other 
announcements 
from 
Motorola, 


plus those from independent 
vendors 
offering 
VERSAbus- 
compatible 
products, 
will assure an even broader selection 
of useful products 
in the future. 


MOTOROLA 
MICROCOMPUTER BOARDS (continued) 


The 1/0 Channel 
is a new system architectural 
concept sup- 


ported in Motorola 
Microsystem 
products which allows mod- 
ular 1/0 expansion 
on the local processor 
bus. 


This frees the system 
bus to handle simultaneous 
high- 
speed 
data 
exchange 
and multiprocessor 
access 
require- 


ments while permitting 
most lower speed system 1/0 activity 


to take place through 
the local 1/0 Channel. 
Thus, the ad- 


vanced 
1/0 Channel 
architecture 
affords 
great flexibility 
in 
1/0 intensive applications 
such as high speed data acquisition 
and distributed 
control. 


More than 
a dozen 
defined 
II0moduie 
products 
already 
support 
the Motorola 
modular 
product 
line. The family 
will 
grow into the future with additional 
offerings 
from Motorola, 


and with a variety of 1/0 Channel 
compatible 
products 
from 
other vendors. 
Should you desire to design custom 1/0 Chan- 
nel modules for your specific needs, that task is made easier 
by a comprehensive 
1/0 Channel Specification 
Manual avail- 
able from Motorola. 
(M68RI01/D1) 
The 1/0 Channel 
provides the following 
features: 


• 
12-bit address 
bus 
• 
8-bit bidirectional 
data bus 
• 
Asynchronous 
operation 
• 
Up to 2 megabyte 
transfer 
rate 
• 
Four interrupt 
lines 
• 
Reset line 
• 
4 MHz free running clock line 
The figure below illustrates how a system might be configured 
using 
a ribbon 
cable 
bus 1/0 Channel. 
The bus master 
is 
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typically 
a computer, 
but may also include a DMA controller 
for transferring 
blocks of data to or from a slave device 
at 
high speed. 


I/Omodule Product 
Line 


A. 
I/Omodules 
- 
1/0 Channel 
Compatible, 
Single 
Euro- 
card Format. 


MVME400 
- 
Dual Channel 
RS-232C 
Serial 
Port pro- 
viding two independent, 
full-duplex 
serial input/output 
ports. 


MVME410 
- 
Dual Channel 
16-bil Parallel Port, four in- 
dependent 
8-bit ports jumper or soltware 
configurable 
as inputs or outputs. 


MVME420 
- 
SASI ,. Perirheral 
Adapter provides 
inter- 
face to SA 1400 Shugart 
Associates 
SASI Bus. 


MVME435 
- 
Buffered 
9-Track 
Magnetic 
Tape Adapter 
to interlace 
industry 
standard 800/1600 
BPI, 'Ii' Mag- 
netic Tape Formatter. 


MVME600 
- 
Analog 
Input 
Module 
with 
16 channel 
single-ended 
or 8 channel 
differential 
operation. 


MVME605 
- 
Analog Output Module with 4 independent 
channels 
and 12-bit resolution. 


MVME610/615/616 
- 
Opto 
Isolated 
120V/240V 
AC 
Input/Output 
modules 
with 
eight 
independent 
1/0 
Channels. 


MVME620/625 
- 
Opto 
Isolated 
3VDC 
Input/Output 
modules 
with 
eight 
channels 
and isolation 
to 2500 
Volts. 


MVME932 
- 
1/0 Channel 
Extender 
Board. 


MVME933 
- 
1/0 Channel Wirewrap 
Board. 


MVME935 
- 
1/0 Channel 
Extender 
Board which 
con- 
verts DIN connector 
to 50-pin dual row header. 
B. 
I/Omodules 
- 
1/0 Channel 
Compatible, 
Non-Eurocard 
Format. 


M68RWIN1-1, 
M68RWIN1-2 
- 
Winchester 
Disk Con- 
troller for 5Vi' or 8" Winchester 
and Floppy Disk drive 
combinations. 


M68RI01 - 
Remote Input/Output 
Module provides 
par- 
allel 1/0 oprations 
and will accept up to 16 compatible 
solid state relay input and output modules. 


M68RAD1 
- 
Remote 
Intelligent 
Analog-to-Digital 
Con- 
version 
Module 
controlled 
by an on-board 
Intelligent 
Peripheral 
Controller. 
• 


The Motorola 
line of Micromodules 
offers 
a selection 
of 
modular 
subsystems 
that 
permits 
a high 
degree 
of end- 


product customization. 
It is supplemented 
by a sophisticated 
library of development 
software 
with high-level 
language 
in- 


terface to simplify man-machine 
interaction. 
An array of pack- 


aging accessories 
provides the proper physical environment 


for the system assembly. 
Utilizing 
Motorola's 
extensive 
family 
of 
B·bit 
MPU- 
compatible 
chips, Micromodules 
are tailored to meet the per- 
formance 
objectives 
of most industrial 
automation 
and data 
acquisition 
applications. 
They are priced to compete 
favor- 
ably with 
in-house 
development 
and 
manufacturing 
costs 
and, in many instances, 
they represent 
the most cost-effec- 
tive means for rapid, reliable system implementation 
(or even 
for prototyping 
chip-implemented 
systems.) 


The Modular Building 
Blocks 
The Micromodule 
Family is based on a selection 
of differ- 
ently configured 
single-board 
microcomputers. 
These vary 
in capabilities 
and applications 
as a result of differences 
in 
on·board 
microprocessors, 
as well as memory 
and I/O con· 


tent. For some requirements, 
a single monoboard 
microcom- 


puter module, supplemented 
by a suitable enclosure, 
a power 
supply and your applications 
program, will adequately 
serve 
your total needs. For other more demanding 
applications, 
the 
Family offers a wide range of expansion 
modules which tailor 
the system to your ultimate 
requirements. 


Software Support 
To ease programming 
load and allow programmers 
to con- 


centrate 
on 
the 
end 
product 
application, 
incorporate 
the 
M6809 Real-time 
Multitasking 
System 
(RMS09) 
as the ex- 
ecutive kernal around which a real-time 
applications 
system 
can be built. RMS09 is a flexible collection of systems routines 
from which 
the user can customize 
or 'sysgen' 
supervisor 


routines and interrupt 
handling 
routines tailored 
as simple or 


as complex 
as the application 
system requires. 


Also available 
for MC6B09·based 
systems 
is SUPERbug, 


a high performance 
monitor 
which also provides 
the facility 


for linking relocatable 
modular software 
routines that can be 


D-A Converters--- .••"'p"" a,. TIL compo"". 


Analog 
Port 
No. of 
Input 
Output 
Range 
Comments 


No. 
Channel. 
Yolt-ve 
Currenl 


M68MM05C 
• 
12·811 Bmary 
D-5.0·10 
Output 
VOltage 
~ 2 5. ~ 5 
Range 
optIOn 1$ 


~ 10 
strap 
selec1able 


M68MM1SCV 
1104 
12·811 
Btnary 
or 
0·5.0-10 
Input 
GOde 
and 


1W0, 
·5 
- 
10 
Output Vonage 


complement 
Range 
OptiOns 
are stlap 


selectable 


M68MMl5C1 
1 to .•- 
12·& 
8mary 
01 
0-5. ().10. 
ato 
VQl\age 
or 
_·s 
~ 5. 
"! 
10 
20mA 
Cunenloutput 


oomplement 
deVICe 
wIth 
strap 


selectable 
current 


or 
voltage 
range 
opllOtls 


independently 
written 
and executed 
from 'EPROM, 
ROM or 
RAM. For MC6BOO·based Micromodules, 
there is MICRObug 
Monitor, with system software 
and hardware 
debugging 
ca- 


pability. 
Also 
available 
are Editor/Assembler 
and Basic 
In- 


terpreter 
packages. 


MONOBOARD 
MICROCOMPUTER 
SELECTION 
GUIDE 
P.ra'''1 
,.,lalllO 
••••• 0'1' 
Pert No. 
>0 
R5-232C 
R$.422 
20mA 
C:PC:lty 
(~:) 
Option. 


MCIIOOfMCII02 
B•• .ct, 1 MHz Clo<:k "-Ie 


M68MMQ1B 
1 PIA 
To 4K·- 
Low COillt. 
1 PTM 
Sell·contalned 


No. 


EJ(pandable 


M68MMQl 
3 PIAs 
To 4K-- 
" 


M68MM01A2 
2 PIAs 
1 ACIA 
To 8K-· 
" 


M68MMQ1B1A 
1 PIA 
1 ACIA 
.0 4K-- ,.. 
Cassetle 
1 PTM 
10 


M68MM01D 
Printer 
1 ACtA 
tOpt) 
To 10K-- 
Use 2K RAMs 
Pon 
In ROM 
1 PTM 
Sockets 


MCNOf-B 
•• ed; Clock 
Rate 1 MHz, except 
M68MM111A1-2MHz 


M68MM17 
1 PIA 
2 ACIA 
To 64K·· 
To 
Use RAMs In 
1 PTM 
64K-· 
ROM Sockels 


M68MM19-1 
1 PIA 
1 ACIA 
(Op'1 
To 32K-- 
2. 
Reptace ACIA 
19A1 
1 PTM 
Of SSDA 
WIth SSDA 
• 


NOTES: 
Option 
requires 
minor 
board 
moejllicallons 
Option 
requires 
additIOn 
01 Mlcromodule 
MM11 
(RS-232C 
to 20-mA 
Current-Loop 
Adapter) 


User 
supplied 


A-D Converters 


NO. 
01 Chennel. 
R.solutio" 
Input 
Volle~ 


Pert No. 
0'" 
S.• 
No. 01 Bils 
(full tlcele. 
dc) 
Commenltl 


High Level 


M68MM15A 
8 
'. 


12 
0·5 Vde. 0-10 Vde. 
V~ IS strap 


• 5 Vde ..• 
10 Vde 
""""'oble 
M68MM15Al 
,. 
32 
12 
same as above 


M68MM05A 
8 
12 
•. 10mV to •. 10V 


M68MM05B 
I. 
12 
same as above 


low 
Level 


M68MM158 
1 
15 plus 5'9" 
. 25mV 
. 55mV 
E_panClab,e to 


80 mV 
16 channels 


w,th E_pandel 
CIrCUlts 


M68MM\58EX 
, to 4 
Char>nel E_pander 
tOI above 


MOTOROLA 
MICROCOMPUTERBOARDS (continued) 


EXORbus-Compatible 
Memory Modules 


Cepeclly 
(K Byte.) 
F•• lures 


RAM·Static. 
NMOS 


M6SMM06 
2 
ClOck. 
Spee<l 
I MHz 


MEX6808-22 
• 
MEX6616·22S 
,. 
W"h Pan'y 
Clock 
speeCl 
1 Of 2 MHz 


(w!lh 
stretched 
Phase 
2) 


RAM-Stetlc:, 
CMOS 


M68MM09 
4 
GlOCk speed 
15012 
MHz 


(wl!h stretChed phase 2) 


On·boald ckt tor user· Installed 
panty 


M68MM21 
• 
OpliOnaJ panty 


M68MM21·' 
•• 


Optional 
parlly 


RAM-Dynamic. 
with panty 


MEX6816·22D 
'. 


Jumper 
selectable 
1 
15 


MEX6832·22 
32 
or 2- MHz speed 


MEX6848·22 
4. 
Row-addressable 
In 
16K 
byte 
OIOCl(s 


MEX6864·22 
.4 


RAM-DyNlmlc; 
with 
hidden 
relresh, 
clock speed 
1 MHz, 
all 
WIth 
parl'y 


MEX6816-1HR 
'. 
MEX6832·1HA 
32 
O,ganlzed 
''''0 
u1depenClenl1y 


MEX6848·1HR 
4. 
addressable 
rows of 16K bytes each 


MEX6864·' 
HR 
64 


Unpopulated 
Modules-User 
supplies chip set 


Number 
or 
EPROM ROM 
OPTION 
RAM CAPACITY 
Sockels 
CAPACITY 
(Memory 
Chip Number) 
(Memory 
Chip 
Number) 


MEX68AA 
20 
,.K 
5121MCM6810J 


(MCM6870868301 


M68MM04 
,. 
'.K 
0 


IMCM6870868301 


M68MM04A 
,. 
64K 11K 2K or 4K 
8K 11K or 2K capaCIty) 


capactty) 


Serial-Format Digital I/O 
ACIA Modules 
- 
MEX6850, 50-2 
Offers both TIV and RS-232C data terminal interface, With 
eight switch-selectable 
baud rates between 110 and 9600 
baud. MEX6850 operates at 1MHz and is configured with 
Modem output; 6850-2, at 2MHz, is configured with 20 mA 
TIY 
output. 


Quad Serial I/O - 
M68MM07 
Supplied with four MC6850 ACIAs, or with user supplied 
MC6852 
SSDAs for either asynchronous 
or synchronous 


operation. Strap options permit RS-232C, RS-422, RS-423 
or 20mA interface and baud-rate selection for each of the 
four ports. 


Rs-232C to TIV 
Adapter 
- 
M68MM11 
Converts RS-232C output to 20 mA TIV 
operation. 


8 Channel 
Serial I/O Module - 
M68MM18 


Provides eight asynchronous 
RS-232C channels. 
Each 
channel is strap selectable to baud rates from 75 to 115K 
BPS. Memory location is strap selectable in a block of eight 
channels. 


GPIB Modules 


Provide interface between various MPUs and the IEEE 
STD 488-1978 
interface 
bus. MM12A 
provides 
Listener/ 


Talker functions for sending and receiving data bytes, re- 
questing service and responding to parallel and senal polls. 
MM12 and 12-1 add the controller function that permits the 


system to send commands and conduct serial and parallel 
polls. 
Listenerrralker 
for MC6800-type systems 
M68MM12A 


Listenerrralker/Controlier 
for MC6800-type 
systems 
M68MM12 
Listenerrralker/Controlier 
for MC6809-type 
systems 
M68MM12-1 


Memory-I/O-Timer 
Expansion 
Module - 
M68MM16-1, 2, 3 
Provides functional expansion of Monoboard MM01 (ver- 


sion 16-1), or MM19 (version 
16-2), and can be used as 
MM19 Emulator in an EXORset Development System (ver- 
sion 16-3). Includes asynchronous serial data port with strap- 
selectable RS-232C, RS-422, or RS-423 interface, parallel 
interface port with 16 data lines and 2K of static RAM, four 
control lines, three 16-bit programmable counter timers, and 
four sockets for user installed, single 5-volt-supply MOS or 
bipolar memories. 


Parallel-Format Digital I/O 
Universal 
PIA-Controlled 
I/O - 
MEX6820, 21-2 
Contains two MC6820 Peripheral Interface Adapters (PIA's) 
for a total of four separate 
8-bit I/O ports for peripheral 
interfacing. 


32-ln/32-0ut 
Expansion 
Module - 
M68MM03 
Contains 32 bits of parallel input and 32 bits of parallel 


output in four continguous 8-bit bytes. Used for simultaneous 
transfer of 4 bytes of informtion between an MPU and an 
external system to speed up the data transfer cycle. 


16/32-Channel 
Relay Output - 
M68MM13A, B 
Contains 16 (MM13A) or 32 (MM13B) on-board reed relay 
output channels to isolate the microcomputer from the sys- 
tem(s) being controlled. 


24-Channel 
Optically 
Isolated 
Input Modules 
- 


M68MM13C,D 
Provides three byte-oriented 
(8-bit) input channels 
that 
have high electrical 
isolation between microcomputer 
and 
equipment being monitored. Input voltages in excess of 17 
volts are read as logical "1"; 4 volts or less represent logical 
"0." MM13D provides an on-board wetting source for appli- 
cations requiring switch and relay inputs. 


Quad Parallel Interface 
Adapter 
- 
M68MM22 
Utilizes four PIAs in a versatile buffered I/O configuration 
that allows up to 64 high-voltage 
(200 Vdc or 280 Vac) or 
high-current (to 3A) signals to be monitored or controlled. 


Packaging Hardware 
Part No, 


M68MMCC05 
M68MMCC10 
M68MMFLC2 
M68MMLC2 
M68MMSC2 
M68MMPS2-1 


Description 


5-Card Cardcage 
10-Card 
Cardcage 


Front Load Chassis, 
14 Card, 
240 
Vac 


Long Chassis, 
10 Card, 
240 
Vac 


Short 
Chassis, 
5-Card, 
220 
Vac 


Power 
Supply, 
220 
Vac 
I 


II 


